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__ASHALLY on how peaked you think that this map locks like shead of time;
(contdzuiod) and one of the fumctions of a real pilct progrem would be to
find out precisely this. Any sampling design has to produce
really two things. Cne, an satinate of ths quantity you are
after and also an estimate of its intrinsic variability. So
it tarns out if thio thing is very peaksd, the way %o go at
this problem is to pick & fev points initially at random, and
then ssaple arcund it in big clusters. This would mean that
mhkouwuqlawtﬂnph%ﬂthﬁ:ﬁhmpnkd.
If it s quite mmooth, then one spresds his samples around so
that this gives you the cptimal estimate for a fized amount

of money. Whare it's usually the omsc that if oke sxmples in
this way, arcund a certain looation, it costs less psx sample.

So that soms guesses are going to have to be made. Ons wants

to get down to 1ist of just what 1t is that we wvant to sample —
we can't really just be satisfied with just saying New England.
You have to talk ahout what 1t iz you are going to do 4in this
particular ares. ¥ow in thinking about this probles, the only
paﬂ&cnoritmtl'ulwkaémmwwhmm
ssmpling problam. Asmming setling aside all these problema
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§ %53 of getting the actusl material, I think that ue ought to ain at
£23 X || getting a correlstion betwsen scmething celoulsted from Kisenbud's

m%é :; data, for particular aress. What I would have In mind due to the
b 52 fact that the food distrilution in this country is so widespread

‘/é ;g g“ﬁ; that one wuld try to take welghted avarege of say s sirole of

o RtEEER]

roughly 150 niles around a city vhich generally represents its
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_JASHALL:
(cuntimed)

n{lk supply and water supply sres. The country-wide aversge
on scme aversge weighting is very heavily in the midwest for
the food produscing areas. Then, we shoula try to caloulate for
& specific area a potentinl exposure to this risk and then
relate this to the amcunt that ons found in pecples' bhones,
taking acoount e¢f their sges. I think that in view of the
fact that it is probably going to cost us a fair smount of
money to get the ssmples, they cught %o be designed very care-
fully, ant alsc & geod deal of ingmuity and meney put inte
the snalysis. We can't sssume ahead of time that we are going
to get very good ansvers, tut at least we cught to have in
mind that we should produce an answer that might allow us to
give rough predictions frem a series of detematicns using all
of the work that wvill go into the tramsport and se on, telling
us 1f a certain mmber of bombs of spegified yield are set
of f roughly in these locations at this tine of the year and
transported, what is ths bazard in the variocus areas?
Eisnebud's data indicates that 1t falls off fairly regularly,
f.0.y the fallout - from the aite of the detonaticn. Cn the
other X5 hand, 1if scme of the material this morning indicated
that 1f you are looking at soil, this thing is liabtle to lock
vary peaked, then you are going to have a hig problem. If
you are leoking at human bones which sort of drav in an aversge
over the whcle country, oms might expect more regularities.
It's hard to say. It's going to depend on ubether this local

Iﬂdsmly-mnlkmdthemw, f.00y the g components
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(contimied )

LIBIY:

MARSHALL:

LIBBY:
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in the plature, or the more videspread foodstuffs. After s
1ittls caloulaticn, if it turns out that say a hundred grams
or so of bone materisl were encugh to allow you to take s
messurement with a gusss of a lundred dolliars for the snaly-
sis of this particular sample, cne, I think, eould in this
ooty = the esloulsticn I did for ten eities asswming
that cne takes socount of vericus ags groups, start sy with
an ags group of from G t0 5, 5 o 10, 10 %o 15, 15 %o 20, and
20 and over, perhaps, that ene might take thres ssmples in
esch age group totaling )00 grams, randcmly soxt the pieces
into 300 gram uwnits; amlyse each ons, and get his count.
This is all for ome aity, and for the various age growpss and
got an {des of how the fullout in the sres and the eowntrywide
averages ralated to the smownt of Sr7° in luman bones of
the funotion of age, from the past experisnces. From this,
one might be able to try scme predictions, depending upon howv
variable cne found it and one needs, I think, in each ons of
these areas,; at lssat two deternimaticns at eech age growp,
for the purpose of getting sn idsa of the varifations even for
diets within a partioular ares.

‘e ,
Take o ARV, aase of the human sswage of Milusukes.

: !ou'ummnlymtmmmmwmwm.

Yes.

Bow, vbat would you do in addition in order to get the variability
paremstar? !wwﬂiﬂyhninthnt,,apntwwwmr



h..m:
(contimed )

LIBBRY:

SOLOMON:

YOICE;

SC10MON 3

COLMAR
LIBEY:

~  MITCHELL:

heve infinitely more troubls measuring it in anything else.

What is the stuff that makes you get your testh cleani Is
that caloium containing? Think of all thess things you asn
got gratis, and then use your maximm sensitivity, and ses if
maybe you can ssple pecpls ulthout killing them.

Flasma has five hundredths of & percent of the total body
caleltes as against 988 in the bores, sand alwcst 1$ in the
testh. Everything is weighted ageinst you.

Is there anything you oan feed pecpls to make them slough off a
layer of calciwm from the bones?

Thare 1is a possiddlity that scme of the versinates (1) may
bring some caloium out. I don't kumowe But it has besn supposed
to bring lead out. Caloimm versinate has been proposed in order
to twing lsad out.

It's vary, very bard to bring caleimm out.
As you sxy, & tolerance limit of cne xdarecuris..

Well, the most sensitive methods will pick wp about cne-millicnth
of thaty, so you ses it is a possibility., I dox't know what the
sversge person wuld be in taxrma of tolerance. I suppose very low.
One doesn't know, but the bones of a person who is growing through
the pariod of exposure will sssentially carry an integrated doss
of anything that might be, say, in the bloodstmesm. 3o if you

’pt@&m:mlcotwwday, you have x smount, you wdll
Mﬂ the accumulated smount of x times a certain mmb
POE ARCHIVES
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LIBBY:

SCLOMON;

LIBHY:

SOLOMOR:

the blcod from clotting. How if thiz were so, this ion exchangs
resin 13 discarded; it isn't used amy mors. If it were 3c, in
I €
any large blood programy ons could get a tremendous amcunt of W
resin frem which you would only have tc dilute, which you gould
eothe calolum
do quite easily{ but I don't know encugh about the bloed program.

Ancther pessibility is vhat is thrown away in the gamus globulin,
Doesn't all that bleod come from adults? That would be very good.

Host of ity I suppose, does.

On the other hand it contains the lost calcium, and that's the
gtuff that would have ths strontium in it.

With an adult, bonas are argusd agzinat bocsuse bcnes are made,
but the calcium in the bleod is stdll in the blood, and 1is
still cireulating, and so that's not & valid objection. This
would require getting in touch with the Red Crosas and learning
acme of the details of their hlced collectich. You can use
dated bank blocd too.

You think tone meal is scmething we ought to play with from a
statistical point of view: Take the Chicago stock yards, for

exsmple.

Well,; here again I think it's a question of -~ what i3 the
question you are trying to answeri

Well, suppcse we measured the bons meal contsnt from the Chicago
stockyards, and we find this to be scmething or other. Now would

—
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waBEY: Any one else have a question for Nr. Marshall?!  Befors ve
leave the sampling program, I'd like to mention a subject which
Colonel Holsman is ocaneoted with. Several weeks ago we vers
oconsidering this stratospheric storage, sad conscluded then as -
we did this morning, that it probably exists, that there is
probably a lot of radicactivity in the high layers of the
atmosphere, and the question is how to prove this. It &s
obvious from remerks this morning that reinstorms and the
vagaries af westher make the assay of rains & rather wnreliable
way ¢f establishing it quantitatively., 8o we wonder how %o
sample the high atmosphers and get samples down which give us
scme qualitative notfion of the content of yediceotivity. There
are two aspects ~- cne is to got up there, and the other is to
got the radioactivity out of the air. We asked Colonel Holsman
tc maks some moasursments on jet aircraft which ars operating
out of Xirtland, and I'd like to give him a ecuple of minutes
to tell us about that. I know these data are vary poor, but
thers is some radicactivity on these airplanes, and as I
understand it, they were not in any stomic aloud that you
knew of?

HOLZMAM ¢ That's right, Dr. Iibby. About s month or so agoy Dr. IAbly
roqussted just a yos-and-no ansver as to vhether any of ouwr
Jjets were picking up any radicsotivity. So we ran a "quicke-
and-dirty" test on this, There were sbout fifteen alrcrsft.
We made surs that the airaraft vere not those which might have

/
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HOOKS ¢
LIBBY:
HOCKS ¢

LIBHY:

Vould they have them in Korea? Golemel Hooks, would you kuow about this?
I don't know for certain. I assume not.
How adbout Burcpe?

Yeon.

I bave a noticn we msy get scme definits proef of the existence
of high lying redicactivity just hy wtching oparsticnal air-
eraft in this sinple mammer. Now, of oourss, putting on a
filter or anything liks this 15 bound to be scms trouble, but
if it 1s a8 simple as messuring radioactivity on the inside
mnotndnctinaj&,lthinkmhnﬂahtmtmm.
Now of course it would be rough, but at lesst it may de worth
gotting, I just wonder whether it iamm’t worth trying. It
1sn't entirely arssy. Thers is & thermal gradient in the
systam, and this thing is a possibility of separating cut
particulate matter. Ths yisld, of courss; would be excrmously
lowy tut thers is probadly a lot of stuff in the large volume
of air that goes through these airplanes that coupensates.
Asother line of attack is to develop & ssmpling progrem for the
high altitudes, ant I think this wuld have %o be doss on &
longsr range basis. I think it is quite important to sample
ths higher layers bafore the CASTLE series, if we possibly ssn,
If anyons hag any idea of a simple way of using operaticnal
airplanes to get evidence of rudlosotivity in ths stratosphere—
well, above 30,000 ft., it would be quits waluable.

| TOE ARCHIVES
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+-ICBt Are any rockets being fired at White Sands?

YOICE: They don't stay wp very long.

CADLE: I don't think thet oould compare with sampling frem the jets.
KELLOGG s One thing we've bdesn thinking about & littls is the possidility

of sampling, or getting s direct measwremsnt of radicactivity
in the stratosphere by & methed which wowld involve sending
ballcons. The sdvantage of dalloons is that they ean get W,
at present, higher than any cperational aireraft that we have.
I suspect that XK since the baight of the tyopopaues in the
Marstall Islands is aromd 55,000 ft., ve would just about have
to have balloons in order to sample the stratosphere at these
levals. In fact, if we can consider the transport anything
1ike horisontal, then we would expect to ses tha dedris coms
m.;wnunuss,ownwmmmumm
aiddle latitudes. In trying to imagine what balloon ssmpling
would look like, we have been inquiring about socme methed of
doing 1t simflarly - on a besis similar to our present yadio-
scnde networks. In the history of upper ataosphers research —-
I can't remember beok, tut I can read about the grest cost of
ths early radicsondes — it vas Bk considered quite a trick
to do {t. MNowv we have wwards of 30 stations in the U.S,
making two soundings & day on a routine bmais ficor & very
nominal acst. We inquired about the cost of sending W &
plecs of cenductivity equipment whioch oould actually de
ingerted intc one of the chamnels of the ordinary rsdiosonds,
S
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m: taking advantage of the telemetaring slrwedy existing at

(oemtted) tig stations all over the world., Messuring the conductivity
would be ones way of doing it, The other obvious way would be
to measurs the radiosctivity. That is, by scme method of
Goiger comnters properly orianted sc ss % eliminate ovsmle
radiation as much as possible. From vhat I have been akle
to gather, it is cut of the field of the second, thit is, the
direct Geiger counters, & little bt out of the field of owr
specialty - but it would appear to be rather hexd to do. It
involves quite & lot of instrumentation. Ve beve locked
into the question of meesuring the conductivity in the
upper atisosphere; and it appears that this could be done with
fairly ressonahle equipmtnt, and it also sppesrs that there is
going o be a very large changs in the conduotivity wherever
we have changes in the radiosctivity. This will ocme out
this afterncon, perhaps, when we give a few fucts and finures
about the atmospheric icn content in & radioactive cloud.

POE ARCHIVES



‘10001 like to have us all think & 1ittle more sbout.
LI3nY: Well, fine Will, but how many years will this take?
KELLOGOS Soms equipment was built for landetone so we would have some back-

ground in this instrusentation but I don't have the details of it.
LIB2Yy It certainly could not be organized before Casztle, could 1t?

KELLOGCS T wouldu't consider that it couldn’'t be. I 4hink that, well,
you gee the telametering is an impertant part of 1%, This is
slresdy available. If we ocsn deviss the output ¢f gur conduc-
tivity squipment to adjust a variable resistanee which is roughly
the same resistance range as the present slemants. ¥RL is the
place where I got my information from. They estimate #200.
Perhaps Mr. “mith of NRL wouldn't like to be quoted too definitely
on this, but he thought it could be wade for about ¥EOO per

equipment .
LIBNY: What load will it carry?
KELLOCG: Ch, this is the gear exclusive of the balleoms.
BOLZMAN: This was dena at Sandstone very Matnlly. I get the foeling,

2. Libby, that many of us herc sre thinking in terms of this
matarial hanging up in the stratosphers for long, long pericde
of tims. Although 1 have been getiing more and more sway from
metsorolegy I think that this ia a very wrong conocept m-@a
lil" t’ron stratospheric lewvels can come dewn many, sany thoussnds

L
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O ZMAY:
(Continued)

WEXLERs

LIBaYs

WEXLIRs

LiBgaYs

WEXLERS

LIBaY:
VOICE:

BOLIMA1s

. e
e

of fest in the erdinary westher situations. For example, air
that might be at the stratosphesrs today, might be down 20 to
15,000 feet in say 2L hours. Would this be a reasonsbls thing,

Harry?

3ure, I'd even go further and say it would ba down to the ground
wnder oertain conditions.

Then you would say that the mean 1ife of stratospheric air is
two days or of that erder?

No, this is only under rather exceptionally favorabls conditions.

Well, 1if ycu take an average what would be the length of time

’

gefore it came down tc sea level?

Well, you taks an average between two days and six months, maybe,

or & yesr.
Put it would be {n the arder of weeks or wmonths?
The exoeptional ease would be high thunderstoras?

¥o, T am thinking really of isonthropic flow down slope. You

see air doesn't flow horisontally, it flows down, and if yom

have an unusual weather situation with high pressure, low pressure
and so forth derending upon the complexity of the weather, air
can come down from stratoaspheric levelz as Harry said, even down
to the cround, and this is available for precipitation maybe the

following or the subsequent days. 5o the atmosvhers is constantly

POE ARCHIVES
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(Continved)

LIBRY:
HOLZMANN:

VOICEs

BOLZMANN:

VOICEs

il—

purging itself even at very, very high levels and for this reascn

I thought that some of the data that, well in ons of our other
prograns might be carefully snalysed and so give us a lot of
infermation A;a to how much ths atmosphere is purging itself of
this debris.

Do you imagine that it might be at great heights? That the radio-
sotivity might be at great heights?

Well, I got the feeling from your remarks and others that this
thing might hover at stratospheric levels ....

Ien't your point coming to say that your guess would be that the
radioactivity, sssuming a pericd twe or three months after a shot,
that the radicactivity would be pretty well distributed?

That is right. It is pretty well distributed dut it is constantly
being purged and that data even at lower levels can be snalysed to
give you a pretiy good indicstion as to what is Zeing on above,
That 12 what I was getiing at so that thers might be sufficient
data around with careful study that ceould glve us some answers

that we sre seeking here.

If this wers true then it would sesm that :lsendud's data should
ghow this, because let us aszsime that there is & six month half-
1ife then he ought to have a six mcnth slopahn his fallout and
he dosan't have that.

e ——
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IS ENBUDS

WEXLER?

EISENBUDs

WEIL Rs

EISEBUD:

WEYL B

Edsenbud:

WEXLERs

LIBBY:

Well, we don't know, we haven't had the time.

I think that this depends upon whether the stuff is getting up
to0 the stratosphere. Host of his stuff is delew the rajnout layer.

1 think that it is the epposite. Namsly, thetapparently thers
is no obvious decay yet frem Ivy.

Well, I would like to go back to this Krakatoa. Haybe we could
squeese something cut of that. Now there was a ten fold demanu-

tion in solar constant.
10%

¥o, ten fold because there was a tem percent increase making the

10 one percent difference and it took them thrse years to get
this 107 peax down to 1% where they could no lenger determine

the change so that is reslly the ten fold aver a three

yoar pariod.

Well, the only thing I sdd was thet there was a 103 decrease

as sn average over ths three ysars.
Oh, 1 thought that it started as 103%.

No, you take 100% as normals. It went down to 90% and then back
o 100%.

You are talking sbout dust content.

DOE ARCHIVES
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WEXLERY

\ ;c&:x
WEXLiR:

CRICUS:

WEXL2R

GRIGGCSs

Yes, this is referabls to the nass of dust.

It depends on the sizes. But about this stratospheric exchange,

1 agres with sverything that Ben says about the lower portion

of the stratosphere which you might say is isotrepically connected
with the treposphere. Whea you get up above into the stratesphere,
then the direct exchange between it and the lower atmosphere
becomes much more difficult to do bescsuse there are no isotropic
surfaces that really penetrate up. Theay are ‘loatly horigontal

up thers., So, to get things way high up they are lisly to sty
there exscept by a very slowv procsss of diffusion or fallout.

Very slow, but none of thia very rapid quasi borizontal large
scale of exchange that 3Jen was talking about.

How hight?
I would say that if you get up to 100,000 fest.

Hy recollection is that in the case of Krakatoa is that they
obaerved brilliant sunsets in the Jahara dessrt and cther places
and they peraisted for a matter of months and pomsibly a year.
These things were such as to indicate the presence of dust as
scattering at a very high altitude well above the tropopause.

That is right. That is how they estimsted ths hedght to which

the atuff went. At least 100,000 feet.

There was persistence of this dust in the high stratoschere a

leﬂg time.
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LIBBYs

WEXLIR:

AT

Yes, and it gradually settled down. They are able to deteot that

by optical sffects, gradual decrsase In height of the main hody

of dust.
Is this consistent with your picture?

Tes, I think so because that went well up sbove the low portion
of the stratosphers vhere it was effectively sealed off from
isctropie exchange for lower atmosphere. This is also born ocut
by soms mcisturs messurements that have dDeen made. There have
deen about three moisture measurements made by a balloon going

up 100,000 feet and it shows that in the stratosphere the atmos-
phars is extremely well stratified vertically. That is, there
are lgyers meist or rather moist air and dry adr. 7This irndicates an
oxtromely lov rate of mixing. On the other hand, all the measure-
ments that have been made indicate that the coxpositicn of the
a’t«uoaphcm, that s the permanent gases srs extramely uniform.

It sort of cives you an idea of the time scale of mixing. It

is somewhere inbstween probably days or weeks where molsturs,
precivitation, esvaporation and things like that can remain stra-
$ified and the time required to do uniform mixing. In that same
connection, are the samples ocbtained by rockets too small to be

analysed?
T don*t now, Ve don't know vhat the content im .

They get samples cdown to the order of a courls hundred ec I guess,

-llll?'-!
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LIBSY

SOLOMDN'S
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A
This discussion seems to me to indicate that the pilet query
which we have up there is only part of the question and the
other pilot query which we had was what is the distribution of
radioactivity for Strontium 90 in the werld todsy? I think that
they are two quite different prodblems. Yo determine as human
hazard requires one set of measurements, whereas to determine
1ts distribution in the world which is integrated into the human
hazard requires a differsnt set of msasuremsnts. You wouldn't
need to make any stratospheric measurements to determine the
human hasard es long as you had fallout.

1 think, on the contrary, that you probably would. In order to
back wp finding the radioactive Negross in South Africa. You

find 3 radicactive person ir South Africa and say hew in the world.
Maybs he took a trip or maybe he ate Alaskan canned salxon, and
you berin to investigate and find that the rain is radicactive

with Strontium.

But the fallout takes sccount of a great deal of this. In other
words, one is operstionsl and the other i3 science.

There 1s another izportant thing. If you analyse, say ia your

pilot study, over a period of months you find that a certain

smount of stuff is biological material. You are still faced

with the problam of what is going to happen in the futurs and

until yon arrive at something sbout distribution in the litho-
hydrosphers

sphare and/as well, I don't see how you are going to extrapolate

with any competonce.

Sy
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LIBsY:

I om not going to argus against it. It seems to me astually
moch rmore fascinating problam than finding what the human hasard
is. 1% is just that if one i3 trying tc put thase intc words

this is the set of words vhich don‘t exist in the sampling program
and I think that they beslong there.

T think that we all agree there, dut thers may still be soms whe
still wonder why we study Strontium on & worldwide basis. I hope
our presentation {n the last two days helped to answer this
question. It would seem that you might well say Sake the Americans
as being the fair example, but our problems of worldwide circula-
tion are obviously se seriocus and so important that I think any—
thing less than a worldwide assay or an assay that doesn't have
scee samples gpread all aver the world will be unsstisfactory.

¥We do not know whether Strontium goes with the ardiaary fisasion
producte; this has to be settled. We hawe very geod reason for
suprosing that it will not go with them, that there 1a a big
fnctiem;;icn and 3¢ ve have $0 do az assay. Oh, the third

thing is the long lifetime means that the mixing processes will
carry it all over the world, certainly in the atmesphere and
very probably in the gcean currsnts, at least as far as the sur-
face layers are concerned. 30, I don't think isolationism has
any prover roll in thie., We have got to takes a broad peint of
visw. Return to the original Sabdriel guestion, it waan't whether
you killed Americanst it is whether you kill peeple, and 1 think
that we must assay ths world, not our owm baskyard, Are thers
any people here whe objest to this or want %o discuss it.

kL TOE ARCHIVES
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Our own backyard is, after all, 3,000 miles in ene dimension.
Ian't that a fair sample of the world?

¥o, 1 doubt it because the world iz so much bigger than that.
Take the equatorial regions, we don't have repressatatives there.
The equatorial regions represent balf the world's surface and

we don't have much of it, you imow. They have great rainfall 3o
this srea and most likely 4f it is upstairs a large fraction of
the precipitation eacurs in these squatorial regioms. 1 think
that there are :b{\ndant argusents for it. I think that it is
troe that we would certainly take more saxples in this eountry
than in any other continent. ¥e mustn't slip into the notion
that because it is more convenient that this assay would suffice.

1 den't believe it will.

I wonder somewhat though whether this is & terribly imnertant
question for this conference thoush. That is, if you are cperating
in the league of the pre-pilot and pilot queries it sesms io me

that in that leagus you can build a very sound case for eperation.

Well, I will answer that in the following way; it is & question
of whether you will operats at all ar net. It 48 & question as
to whether you are interssted in Gabriel ze sach. Nobody is
interested in analysing a few isclated bone samples just for the
fun of it. People will do this becauss they are interested in
the Gabriel projsct, sc if you don't keep the gensral purpose

of it in mind you are nov even going to got the pilot action,

. That is why Strontium SO has never becn assaysd. HNobody has had

any reasor to do it, It isn't useful to Spence in getting radio-

chenical yiclds so it m'w. o o
SER— D77 AT



LIBEY:

I was impressed by xhat Mr. Sol:omopn said, nemely that the sampling

thing, by its nature, had to be a developing thing and 4t jJust

seems to me that worldwide aspect could very reasonably be put

fhe only reason that the develonment will ever go is the worldwide

assay, That i3 my answer.

I would 1like to suggsst that we break off for lunch in two or
three minutes. let me just tell yoa what I think we can do on

a detsciion. Of course all of this has to be worked sut and
proven. Sat the detectabdble lswels, of eourse this means that
you are going to work hardest on these. The lower limit, I would
sa;y, is about 1 dpm and thds to be contained in any smeunt of
sample up to 100 pounds. How what is one dpm ~ that is ene-
#illionth of human tellerancs. The person who 13 jJust heginning
to fesl the effects of Jtrontiumy i$ is contained in one millogran
of eslcium in his body. In other words, there is absolutely no
diffieulty in determining Strontium in mman badies if 4t gets
any where near tolerancs. Fow who knows what it is now? 1

don't even know what ¢alculations can be made; I can't sven
guess. Is anyone willing to guess what it might be now? If

you say that it is & thousandth of human 4elerance at the present
time then one gram of caloiux is the minizum you will by naeding
for this sample. gw, the prssent amount of 3trontiun in the
world. The pragent assay; well, we say a 20 kiloton Lomb givea
1 gram of Strontium per A7 roughly. wWith a 5% fiesion yleld we

have this many Strontium 50 atoms produced from kiloton vomb and
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(Continued)
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divide this by the area of the sarth this number comes out

20,000 Stroatiuvm 9C atoms per square centimeter. If we say we
we shot off say 1,000 bombs this would be per kiloton bomd,

you get 20,000,000 Strontiue 90's par squro'cantimur's at
the mement. It happems that 15,000,000 give you 1 dpm so the:
present assay is 1 dpm per square cectimeter. That is all you
know from the rowgh overall yield figures. That is how smuch
there is, in other words the limited detectability is equal te
one square centimeter for wriform distribation at the moment.
The human tolerance is equal tc s aillion squars csntimeters.
That is the ingestion of the Strontium in an area of a million
square centimeters, that is 10 meters square - you swallow that
much, you are up te human tolerance at the present time. I
don't know that any other remarks at the prasent time would be
particularly pertinent. XNow, naturally these ara the hardest
things to do and it will be easier to do Richardsen's, this can

be dene T am quite certsin.
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htonldnhthuuommtommm&o‘ruﬂunf
the separate nesting. If we can't tell what we do know, we
should try to outline what we don't know--which I imagine is
quite & bit, We would like to concluds the meraing session,
after the coffes bresk, with & discussion of the GABRIZL
problem, giving soxs of the resulis of the "old GABRIRL* and
giving sone of the tentative oenclusions ef the alassifiostion
policy weeting of yesterday which turned eventually inte &
technical GABRIEL discusaion,

Will Eellegg would like to talk to you now, en the sampling
program involved in Part I.

After the discusaion of yesterday afternoon, in which we went
over the possibllities, needs, snd advisability of making soms
sxparizent where we oould follow the deliis in the atmosphere~
what I have to aay now may be rsally thought of as a review of
the fastors, and I shall try to state some of the discussion
that toek place here yesterday afternaon, brisfly, for the
bensfit of those who didn't hear it. BSesauss I think a lot of
interesting factors did coms up.

I'11 take first, our original attitude toward this. In looking
at the local fallout ploture--by this we mean the fallout, rain-
out, in the first few days--we found that ane of the most dif-
ficult parassters to talk abeut, much less %0 get any quantitative

ﬁmtuu,mmvmmmmamm. Harry Wexlsr
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( continmed)
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mentioned that this vertical transport debris is sort of &
dead Lorse—]I think that was the ternm he used——and I aa
inclined to agree} a lot of people blame their troubles on
ths difficulty of handling vertisal transport in ths atmos-
phere. Undoubtedly, thers will mever be & reslly precise

way of dsaling with this besause it's such a variable quantity.
Yot, ws do need, it seans Lo me, to have some serd of a better
way of following it, even though we'll have te admit that it
will be enly far ratber specific cases.

In order to £ind out more sbout this Musiness of the transport
of the debris in the atmosphere after the firet few days, it
ssened to us only loglcal to at least think sbout some sart of
an experiment which would perwit us to track it, and we wanted
not only to consider the work that had besn done bLefore—many
able sitenpts have besn mads befure to track the debris in three
dizenaions, and we wanted to sonsider theose; but we wanted also
to See if there wasn't a possibility of doing 1t & little bit
more elaborately, if it is decided and agreed that thers is &
need for it. The previcus method has heem, in gemeral, tz use
airoraft to follow the radicsctive oloud. I might mentien, Just
briefly, that you can only follow the redioactive eloud visually
for about sa hour or two at the most. Tt becomes fapossible %o
triangulate wry well on ths cloud from the ground, after about
an hour; and even from the air it becomes rather hard to follow
1% after a few hours. One has to resort to msthods involving

I
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KELIOGG: other sampling, in which one exposes f{ilter papers for known

{ continued) ,
times and known parts of space, and finds the number of counts
per minute. Or ous uses some othar davige, such as conductivity;
and, of courss, direct messurenent of radistion in the air,

Thess sxperiments do give resuliss we have reports published by
the Alr Yorce in which thery have flown horisantal tracks across
the path of the cland on regzular gehedules, and so have been
abls %o irace the moveaent of the sloud asross the comtry.
However, in the cases that I have happensd to have read, the
sircraft never went up to the beight at which the initial debris
was distributed., They sust have been {iying through the fallout
part of the cloud and not getting into the original mushroom. It
would be possible, with aircraft, to get up into the mushrooa
from the Newvada shot.

¥e talked about the Marshall Island shot, and eonsidered air-
craft operations. 1 think, hers, it is obvious that we could
never get up into the mushroom cloud from such & cloud as the
MIXR shot which, althowgh the estimates wvary, thers is agroe-
ment that it did penstrate into the stratcsphers. The
stratosphsrs starts st around 55,000 in the Warshall Islands,
so this is above any prastical ceiling for test aircraft.

The other alternative, then, is to consider dalleons, becauss
ballioons can get up very high, There is snother reason for
thinking that ballooms aight be & practical way of deing it,

S
,
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KELLOGOS and that is because of ihe way they out through the clouds,

{ continued)
If we could have the first slide, I could remind you of the way

the atmosphere is shaped, and the way & cloud moving in the
atmosphere is shaped. This is a slide prepared by Jim Fdinger,
and thome of you who were here the first aftermoon saw the slids.
It shows a sketch--and this is a fanoiful sketeh, but it is
based on the way one would expect the stwosphere %o bLehave—
showing the cleud at the end of, ruughly, ene day, and %aking
two cases: ons & rather unrealistio case in which there is mo
shesr and in which the eloud simply spreads through to the sction
of grogs turbulemce and fine-soale turbulsnee together and, as
Jim pointed out (we won't 5o through the arguwents again), you
would not expect it to be homogemeously distriduted; it would
bs pullad apart and would present wisps and hot spots and gaps
and patterns., Then the argument went en to imdicate that
actuslly we almst invariably wozld have shesrs, and so the
sloud, instead of being in 2 pancake secticn of the atmosphsre,
mldmllybasprudautinalonghlh The dimensions
here are conservative fur one day; they sctually would, in
most cases I think, De sven larger than this, snd this drem
to scale, This is sctually a scale drawing ef such a cloud at
the end of ons day; as I said, thess horisontal spreads are
congervative, This sbows it, s one would axpeot it to de,
extrensly flat, ¥ow, in the case of low diffusion--snd there
was soma argument yesterday to indicate that the 4iffusion
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oLINaGs would usually be rather smsll in the troposphers, and oven

{ continned)
sasller in the stratosphere-—sctuslly it would be & thin
ribbon cloud no wider %then my stick., On s day when thare was
strong convective activity etirring, the layer ecoupied by the
eloud wight go dewn to the ground by the end of the day. Then

it would be a little bi¢ thicker,

I think this shows ome tbing; thst is, 1f we mede a horisoatal
traverse through it, we would get s long slise this way, whereas
a faw traverses through it wertiocslly would intersect the cloud
and would also provide a three-dimensional ploture. I think it
could he dons either way. Onec oan visualise sllcing through
this way, with the line correspeonding to ma aireraft flight;

or slicing through it this way with a balloan—but I wanted te
show this slids in order % show that one would not have to Bave
a very dense network of balloons in order to intarsect the part

“w.mﬂ‘o
LIBBY: What experiment are yeu proposing?
KELLOOG This is an experiasnt which would be presumsbly to follow the

cloud in thres divensions from ths time of burst.
LIEBY: Are thess balloons staked out, or do they ge slong with 1%?

KELLOGGs ¥o, these ars sounding Dalloens in the sense of s sounding
being made from the ground upward, exastly as the radio sounds
which are sent up twice a day all over tke world now. The ldes
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{continued)
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density of the radioastivity in the air was, [ think, ques-
tionable %o us at first; we ware resassured, however, by
finding that YRL had already duilt equipment which uses
counters and which cost would be in the order of 3200 per
instrument, sxclusive, of course, ef ths balloons. It
turns out now, that Pets Kyckoff tells us that the Air Force
is also in ihe prelixminary stages of developing & siailer
squipment; using, however, instead of sounters, the messure-
aent of cosductivity. 4 few flights have been made which
show that the instrument is prastical and, presumsbly—if

T sm quoting you right~-it could be done detween 2100 and
€200 per instrument, or something im that regiom, if ene
wanted to produce a lot of these.

The radicsonds nstwork already provides a large mmber of
telsmetering stations. It also provides erews for launching
ballocns. This is an attraotive ides, prastically, becsuse
it neans one doas 20t have to set up the dalloon-lamwnching
network—it's already there; one would merely tie om extra
mimtmnmmmuwﬁhqm.

The question of how long we can track the aloud using
soncuctivity messurenents caoe up yssterday, and nons of

uz was quick enough to make the calculations in our heads;
howavar, Ifignrédfmmtra said yesterdsy, that appar-
ently ths rats of creation of ions by cosmis reays in the region
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RELLOGG ) in which we are lnterssted, in the viainity of the tropopause,
{continued)
is about one ion peir per cublc centimeter per swcond. Is this
right~=to those wio might be more faxiliar with coamic rays? I
worked bacioward, usiag the recoxbination coeffiaient and tue
oumber of atmospheric ionas, and caze to the conalumion that it
would be aboub one per cuble centineter per second froa cosale

rays at around 20 kiloaoters....What's that?

BETHE: That scunds rather low,.

KELLOGO s Low?

HOLZER Yos, [ think it i3 low, ¥ll,

" LLOGOS Well, the number that was sentioned was a thousand atmospherie

ions per gubic esntimeter.
WYCKXOFF(?): The mobility 1a very hizk up there, you know.

KELLOGG: ¥all, just taking the mumber of isn pairs—this nusber was
mantioned—and if one uses the usual 10° for a recombination
coafflicient of atacepharic ions, then ons conclwdss that
1,000 ion pairs per subic cantineter and this rate of recombina~
tion would De equilibrius for one ion palr produced per ¢ubie
ssntisater per gecend.

1 think that we could raise this by a factor of 10 easily.
Is it a facter of more than 10?7 Well anyway, the number of
ion pairs formed by atomic cloud 201513, and roughly the sise
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TRFLLOGO whilen I have indicated there, taxing into account dacay wozld
{ continued)

be in the order of 430,350 ion pairs per cublic cantimeter per

secoud in one day.
YOICE: That tinms olament?

KELLOGGs one day having expeaded so that the voluss, tais is the svarage
in the eloud, has expanded dus to this kind ef diffusion. 4t
the end of two days, three daym, four days, it will of course
decay further and woulé~-I heve not mads the esleulstion as %o
when 1t would et down to the level of cesmis rays, I Judge it
would be sowething in the order of a waesk before it would get
down in the center of such a cloud to aywhare approsching the
coszic-ray ion produstion, This is one thing which had to be
estinsted first., I don't think {:is estimats is & very ac-
curate ons, but it does suggest that one could use the vondun-
tivity to track the cloud for st lsast s matter of dsys. The
idea of finding where the cloud goes in the stratosphere is &
very attractive ose, because I think it is largely s astter of
econjecturs now as tc how vertizal diffusiom does take place in
the stratosphers. 1 agree with H, Yaxler in imagining that it
would be very slow. Verticsl diffistsn in the wpper part of
the stratoaphsre certainly wonld be very slow.

¥e have some evidence, though, that suggests that vertical
diffusion in ths lower part of the stratosphare, which is alse
stable, is rather high. This is based on observations of smoke
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WEXLER:

KELLOGCe

WEXLER

KELLOGG

»eXLER:

7 s

PSR T I

clouds which have been zade of the atzomphere,
which show, in f&t, that as one goes {rom tha relatively
unstable troposphere where we have the decreass of tmmperature
with height, inte the stratosphers where we have roughly iso-
thersal regions, the smoke puffs which grow at a certain rate
1a the troposphere, grew even faster in the lower stratosphere.
This was an osbservation mado on the dasis of shout 20 smoks
puffs over Nolloman Alr Porce Rase in the sumesr ef 1549, This
coaclusion was rather surpriging, Necauze it was nsually assumed
that when you got {nte the stadle layer the di{fuasion wonld be
slowsr. Now, whst takes place atill further en up is now &
matier of sonjecture and, a3 I say, ! would be inclined %o
agree that the rate of mixing was sicwer in this upper region.
But I really den't think that ws can asy ihat definitely yet.

%111 thease msasurezents...do thay aectuslly dsterzine a three-
di~cnsianal shaps af the puff defore and after?

There were iiree phototheodolites, and it was possible to
dotermineg the shape., in effort was made to separate the offect

of shear,

¥as there any indication of nen-isotropical...l mean, was there
any slongation of an axis In certain directions?

Yes, but this almost always in s horizenbal .

flow do you know that wost of this was not due to isentroplo

AN
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3ICKs

KBLLOGO:
. PLEISET:

VYOICE) |

VOICEs

KELLOOGs

motions ratier than turbnlent 4iffusion?

The horizontal elonzation was sssumad to be due to shear, and
#0 it wag only the spread at right anglss to the shear that was
considered, When I drew this, I was laplying that we've
eliminatad the effects of shear from the data.

The 3ignal Cerps has been trying to measures width by settiing
up sxoke Srails from reckets, and has been unsuscesasful becsuse
the diffusion rate is so great that they den't even have a shance

to photagrsph 1t,
Thia is the horisontal?

Now this i8¢ just disaipation of the vapor trail itself, with the
snoks trail.

Itva heard this too.
1t Just “reaks spart.

Do you think this in the region below 100,000 feet; or is this
up in the very hizh region above the oxone layer?

T don't think 41t went up that high. Thirty-five miles.
Then they'd de gotting into a regiom of stesp lapee rate again.

T've had to sospresss it because of the sise of the blackboard.
m:int!nBS-ilnhm,mdmmnguadommorm
ture with heicht, and we have very good evidence for a lot of
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{continued)

aixing turtulences upthero. | Thi;”i‘a way higher than we're
concernsd with {or even IVY {IX3 cloud. The point is, tiat we
con't have direct evidence for diffusion rates in the stratcephers
vet, and we could gel evidence 1f we could get balloons up through
the cloud and track it for sven a few duys, as is sug ested Lere.
Tue purpose of nentioning it wes eimply to get idess from you
poople a to whetler 1t was practical or mot. 8o far, I think
the only real objsction which has hesn raised is that there

uight bo some other way of doing it mors economically, beosuse
the 1dea of a large network of balloem-soundings 1a rather hor-
rifying, in a way, until ome cuipares it % the cost of flying
aircraft, wiich would have to ba Jet airzcafi, up to theve sanm
heights, whlch [ think would be equally great. The saapling
people will aebjsct to tLe fact that we are trying %o telgmster

the information back and are not making an attempt to find out

what the zaterigl is like.

It is, in principle, perfectly possible to recover saplse from
balloons; that 1z, %0 send sampling gemar up on & dalloon,
Weighta as mich as a %on have besn carried by Genaral Hills
polyetliylons balloons up to 30,000 feet. Wetd like to go

hizher. Yo could, presumsbly, if you want to cul down on the
waight %o a few hundred pounds; we could get up to a 100,000 feet
with these bigz balloans. Therefore it does suggest that if we
wanted to f£ind ocut what socrt of szaterial is in the stratosphere
one covld alsc use balloons in this case, Tirst of all, getting

S

POE ARCHIVES



“KELLOGO:
(continued)

LIBRY

KELLOGGs

—

one particular balloon with sampling gesr through the cloud,

I think would be rather difficult, dut perhaps net insurmountable,
because it 1is possible to prediot whers ths balloon will go. If
one had a aumber of launching stalions ome esnld alert the lmunch-
ing station whose trajectory would intsrseet the cloud. The
probleme of recovery are understoed; thay're not easy, but cosamio-
ray squipment and other equipnent whiok has been flown many,

many times, have besn recevered. It involves Wrasking and regover-
ing the equipment off the grownd by a land party.

1 want to throw the discussion cpen, now. I've ssen a lot of
mph;mdthanodm,mdmofMMMMr
Beads adout these variocus suggestions. I weuld like to have
mmutmmotmwmmwmim.

How far do you think you ssn track with deiger sounters? As
I undarstood you, you were going %o hand the Geiger counter on
the balloon. How many days can you follow it befors it gets
too dilute or weak?

I haven't measured the corresponding saloulatises for Geiger
sounters, but I would imagine that if ene had me snti-coincidence
arrangemant to sliminate cosxic rays, one might be abls to use
Osiger counters even further than condustivity measurements,
because in this case one has & pessidility of separating out
cosmic ray counts from the radiocactive counts.
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KELLOGGs

3.
<.

They msasured the SANDSTONE ecleuds over Yashingtom, using
Geiger scounters and balloons.

What ia the persentage of recavery of iheas balloons?

They had a project ealled NOBY DICK in the Air Force, and the
original MOBY DICK gear were rather sxpsasive and they wanted
to get them back, so they put $25.00 recovery priss on i, Out
of all the ones which they know case dewn in this country, they
recovered every ons. Ivery ocne waz sent back, either by their
sending out a search party or just being mssiled back by sons
faragr. I think this consisted of abeut 20 boxes. Now thay
know some of theas went down 1n the ovesn, but the ones they
now landed in the country—they got every one back.

Yhat was the air sampling scbisved? How was the collection
zade up?

That's a good question, and we talked sbont that yesterday.
The queation was, “How doss ons go about air sampling from &
balloon?® Soms of the suggestions were-—cince we were Salking
then about the small particles in the air being the current
problea~—~what s the real distridution of particle sizes in
the small range?! 1t was suggested that one could use something
liko an alectrostatis precipitater, s was developed by ML
for aireraft uss. Or, in this case, one has the time to sit
up thare and uss a thermo~diffusion separator-—-that one sculd
even imagine using this to cellect thase very small alses.
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CATLEs

KBLLOOG:

CADLE:

The third alternative, which is, I think, obvious, is that one
could punp up a tank with air and eollect the whole sauple.
Whether this would brimg you back your partisle sises in such

& way that you could find out anything sbout them, I don't know,
Presumsbly, be kesping to the sides of the tank after bringing
thea down.

1'd like te point out that the tharmal presipitator is called
the thermal diffusion devige, and I think the fastest bresk of
sanpling that has been achisved to dats ia something like

30 cc's per ximute. So it's tarrifically low; er, in other
words, it's enly really effeetive for very Righ concsntrations
for particles. I don't think it will be wseful for what you
have in mind.

Supposing one imagined a _eemhnb—lml balloon laveling out at
the altitude of the cloud and renning ome of these things for
several hours.

Even at several hours at 30 co's per minute you still haven't
got very much.

Yell, mywmu.mmmumm'mw
authority te run an slectrostatic prsaipitater. I think it
would be much more esconosmicsl to handle. Flltration would de
out also, becsuse of power requirements in order to get air
through any kind of filter,

Y
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And gnother thing, s belloon which hangs in ene placs tends to

exhaust the air around it. I think you'd be recirculating air
after swhile if it was a constant-lavel balloom sitting in the
sloud. The other alternstive is to do the sampling as you go
upj in this case you will aveid any possibility of sitting in
your own cloud of already saupled air. So you would need a
1ittls faster deviee for a moving dalloen..

Others have sampled air through aa elestrostatis precipitater
with about ten pmunds of equipment st a cost of somewhare
m*mo

Will, it seems to me that the prodles isn'ty focused too well
hers. TYou're not really trying to follow this elomd, are
you; you're trying to find sut how mech activity is up thare
and what is the rate at whieh it falls ent~-isn't that the
real preblesnm here?

I tried toj if I'd been writing, I'd have made a new ssction
hesding. The first ssction heading wes, "Following the debris
to determine the density in space over & peried of iime"; the
sesond was, WM&:“WW“MMM
samples®. I consider this as really twe experiments, though.
My first interest would be the first that I membioned; that i,
using some method for tracking the density of debris, regardless
ef what it is made of,
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“OLZMANS I think that first problaa can be handled witheut bBalloons.
I dentt see why you can't do i.tthcn;n bhave dons it in the
past—by meteorological winds. The latier problem—-that iz to
find out how much is really up there afier & long period of
time and the rato at which 4t is being scavenged--it seexns to
ne is the real problem.

KELLOOO: Of course yeur wind analysis doesn't tell you mything about the
density; it msrely says that s part of the oloud is started
here, if it was all there would now be bere, and what dida't
£all out or diffuse would all be over here. Nobedy objacts to
trajectory snalysis to demonstrate that. What we don't know
43 how it moves in the vertical when it is following the
trajectory, and it was suzgested that we do have & very complate
cut of the surface now, to show the density in a long two-
dizensions st the surface. Ve really don't knew what path is
followsd by the dsbris in getting to the surfase. We can only
work baskwards, using a colummstion of tirajectories and guessing
about diffusion. It's generally a rather poorly controllsd
experinent; we can only use our winds plus an observation of
one plane, in this case the surface. I wonld like to see
obsarvations im 3-diwensions.. |

COORSs This observation in another layer of the atmosphare seess
indeed a difficult one when you consider you are using bailoons
and having the difficulty of having them whers we want them.

BOE ARCHIVES



éeosm
{ continued)

KELLOGO:
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Comparing that to the data that ware om the board yssterdsy,
showing the figures of maximum and minimum for fallout taken
on the gummed paper, it seexs to ae liice the rangs was terrific;
even with the mumber of stations—i0, 50 statigns-it ranged
from thousands down to tens. You have the same problam in the
atxosphare, now, et yeu're only going %o be sble to launch so
many balloonsp yeu're only going %o be able to do 1t for one
instance through any one level, for & short period of tine at
onts lavel. It seexs like we'rs biting off a tresendous program
of balloon sanpling which might nover give you an answer of
graat sipmifisance.

As I understood, the resson for thase big peaks in ccnosnire~
tion at the ground was dus to the conjunction of the eloud and
the proper ¥ind of rain storm, which resulted in the very high
concertration at the ground. I would expset that there would
be changes in the stwosphers, ss Jim pointed out thers would not
bohemgmouludxina.'

POE ARCHIVES



WEXLERs

TEIEK
VOICE;

WEXLER s

As Jim pointed out yesterday, thers would be dlscontinuities

in the free air becsuse of the way turbulence acts, that is

the finite size of the eddys invelved. But I wouldn't expect
to have the big differences which sre dus to the big differsnces
in rain. When locking at the Thunderstorm Project reports,
vhers they have the very fine netwerk of rain gauges, you re-
nmmber the extreme gradisnts of rainfall in the rather mmall
area that ccourred there.

These ars the eastern Massachusstts results sameons spoke about
the other day ~ showed s texrific varialdlity of radioactivity
in a saxll area, esstern Masssohusettis -

On the ground.

- sxpressed in terms of ocunts per liter of rain, as I wder-
stand; now that indicated s terrific five structure of the
distribution of this oloud which is exactly what Jim Edinger
illustrated in the first slide ve have shown. And the thing
I'm at a loss at you understand, Will, is how you oan with ths
present metwork, open network, ever hope to get this fine
strusture that is shown p by means of the ground samples and
M&uﬂtm’dmoctcrlhldmu"am So
therefore, if you can't get the fine structure, you have to
be contant with getting scms orude spproximation as to, say,
vhether most of the sctivity is within layers likely tc be

ey
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WEXLER s

KELIOGG

WEXLER:

affected by rain i rain should cocur, or above such rain-bearing
layers. Now would this informstion be of walus to you!

Yes, I think it would be, becauss slthough eme would not knew
the fine structure, I think that we could perhaps get an ides
about the fine struoture by just one aireraft flight as %o
which == locking over the alraraft flights to get an ides of
uhether there was fine structure or not. I was inpressed by
this wore or less oxderly rise to & pank st some region and
fall on the other side ss they pass through the region.

But even then they grosaly smooth over the real fine strusture,
I wnderstand, by the sampling techniqus, taken ever scme time-—
s long tims pericd.

But 1t shows, though, that the siss of the aloud, imaluding

the wvings of the eloud, is large encugh to be picked up as

it moves throngh s network of the demsity of our present radio-
sonde network. And we wonld bave to forege the fine structure
== gnd the othar point I made esxlier was that I have a fealing
that the fine structure on the growd in rainout is largely
just s reflection of the discontimmities in the yainfall, rather
than the discontinuities in the air to begin with.

But Will, that is met borne out by thess Massachusetts samples
which are, as 1 understand, sll reduced to the ssme mmunt of
rain, over a small ares in a situstion spposedly uniferm rain.

TOE ARCHIVES
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VOICE:

BELLs

hghd 1+ 9

BELL:

WEXLER 3

Mr. Bell?

Cur technique was, since we sre & rathey poor project ——
financislly, I mesn — I built vith My own hands & bunch of
firmals out of sheet metal and put tham in - staked them out
above jugej; and in scme csses the jugs would run over, and in
scme csses they wouldn't., But these dounts I'm giving ere
comts per nimute per liter of rain,

Vhat were the wariations?

It vas sixty-five samples «~ of about ten semples — sixty-
five times.

What was the rungs of the rainfall variations?

¥ell, that's kind of tough, besstss I didn't try to measure
the quantity of rain, I tock that from those taken at the
wveather bursau and other people around thers; because a3 I
wderstand it you can't just go out and stiok one collector
out and expect to get any quantitative results. I don't

know sbout that. I figure a tres or something nearby would
cshange the resding.

You want to put it into a place where trees and other things
won't drift into it. You'vre fortunataly located in Masse~
chusetts. You have 2 vary excellent weather radar at MIT
thers wbich oould give you some indicaticm as to the wniformity

-| s e l (¥l i
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WEXLER:

of the preeipitation echoes in the horisomtal direction, and
you could see vhether that i3 a move or less uniform precipite-
tion. That recslls scmething in ay mind I heard about Precok-
baven Leboratory alsc this spring. They mads measurements of
redioactivity in rainyand for the first part of this sterm
there was nothing, snd then at the end of the stomm it wvas a
matter of high counta. And there they figured that it wvas
Just a sonjunction, that the radivastive alond seme into the
place with yain to then bring it down. It was & yather sharp
thing -~ rather sbmrp mountains there — uhich again indicates
the very fins styucture that wonld probebly bs gressly missed
by ocuripresent ocoarse network of radiosonde stations.

Supposing you had a layer, Herry, of radicsotive material
1ike the kind of layer that we ses uhen a smoks plume ocmes
out cn a stable day and spreads in a big flat layer. Supposing
as ths Thunderstora Projeet found - and you can comment on
this, Dick Coons -~ as I recall ssaing the results - I haven't
locked at these systematically, Mt just looking at the varioua
pictures that have besn published, there sesms t0 bo s groat
mmnaum_ormmnmuaum-ma
amthuaﬂl-mihcamhmommmm. And
ons eamulus might reach up fnto this layer and another oumulus
might not.

That's why I say I think that if you oould get out scms rough
measurenents @ %o whether your radicactivity vas within the

TOE ARCHIVES
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WEXIER:

KBLLOGG:

range of your rain or above it, that would de soms useful informa~
tion., But I don't think you’re ever really going to get, to use
your words, & thres-dimensionsl pioture of the aloud in all its
fine structure. I think that's just beyond our present network's

cmﬁlity.

If you had such s pioture, you still weuldn't bde alle o apply
$ty becauss then reslly wvhat you need wuld be fine scale
strustars of rain, vhich, well maybe it exists frcm small
rain networks, but ’

Wall, radar could give that te you. Then I don't know what

you'd do with it if you did have it, even tham. What,really,
would you do with iti Maybe I'm putting words in your meuth,
but did you have scmething in mind of asmparing the distritu-
tion initially in some columlf with the distridetion finally
-~ after s certain time intarval — to ses then what might

be the vertical motions? Yes, but then if that vere the

cane, how do you == that'e ths ssme celumm you are desling

with if there is all sorts of ahearing motions that take a

percel from one coln to s different column

I don't mean to imply that it would be an easy analysis, tat it
would be a very diffioult ons ~— exseedingly oomplicated. We
do know which directicns the winds went. If we have a radio-
sonde network, we know vhere the debris was initially from

observations at the test EKEE site. We oan put thess together

POE ARCHIVES
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A ADGGe and the other faoter is how fast does this thing mix? This ia

(contirued)
the ans that we don't lmow about, and it ssems to ma that we
ocould use cur methods of three-dimensional plotiing which
metecrologists are acoustomed to using to £ind out how this
spreads,

VEXLER ¢ But you spesk about mixing, ¥ill., Veuld you be able to dis-
tinguish betwsen fallout and s turbtulent diffusion of gasi

KELLOGG « Vall, for an air bturst thers is virtmlly ne fallout, as fur
as I ean make out., That is, there are nons - 1o perticles
large enoogh to really socount for any gravity fall.

WEXLER: Then it would be a gaseous problem.

EradO0G Essentially gasecus. Ye have X micron partiales and doun ~
20 microns has wry small fall velocity. You get down to 1 mioron
partioles vhich, it has deen suggested, is probably clcss to
the peak of ths mmber density ourve, then we would bave no
Mllutdl,mmodmautmatdqa.

SOI0MOM Do you get any radar echoes in any frequency frum these elouds?

. KELLOGG: From the redicactive alound?
. SOLOMON, Yes.
KELLOGG Only vory initislly when itfs highly icnised, as far as I know

they can't after it stops rising. -

_ N
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Wk LER 3

KELLOGG:

7e). ¢

KELLOGG:

Vell, as I see this preblem, Will, you measure & certain
distribution of stuff at the ground and you'd 1ike to lmow hov
it got there. You know vhere it started) you knew the distribu-
tion is the United States, and you'd 1ike to £1ill in the inter-
vening mechanism that brought it down. And you ssy this is an
air barst, so we don’t bave to worry sbowt fallout. Waat then
ars the mechanisms that you osn inveke? You would like to
fnvoke turdulent diffusion of whish aduittedly we leww very
1littls. There is soms disagresment as to the intensity pro-
bably, differing by oxders of megnitude.

 I'd 1ike w0 say that we'd perticularly like to kmow this about

the stratosphers uhitoh we eould obtain fyem trecking the big
olouds in the Marshall Ialands.

Could I get aclarificatios en that? I don't quite ses vhy we
particularly wish to know this in the stratosphere for this
resscn - it doesn't seam to be terribly consequential to the
looal fallout problem and, for the wrld wide fallout, it
semns 0 me OnS oan saY,; well, this dust is going to be
distriduted extremely hrradly and there's good evidenmce that
1t oomes down very slovdy. I can see vhare mestscrologioally
this might be interesting, Mt I den't quite understand where
1t fits into the Sr™C problem.

U lam, Well, as I said earlier, I'm not sver astamsd of giving
a metecrological reason for wanting to find scmething outy how-

- mE ARCHIVES
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(continued

WEXLERs

—

ever, I think thers is prastical justification for knowing how

fast the material will diffuse in the stratosphare becauss if
we are comsidering == a lot of the argument yesterday morning
centared around whether the matarial did diffuse rapidly in the
stratosphere or wvhether we could conaider 18 as trapped there.
This would be a direct measuremstt of whether this was true.
Now for the looal fallout, I agres, we've wot o ccnesrned
with it becsuse it is the lower diffusion thet we'rs interested
in for the looal problem.

I haven't finighed my statement yet. Usll, I memn, if I were
given guch a problem the first thing I'd look for, and it is
an airburst, I'd leok for a rainfall mep and ses if there's
any evinnidense of high reinfall with high oowumts, and if
there ware, I'd Do sxcesdingly pussled, becsuse this is not
swposed to be particulate astter trought down. And then I'a
sy, well, this shows that this langwulr eollsction theory
does not spply to this problem. I'd ask myself "Well, what
slse aould tring 1t down if thers's a conjunction beivesmn
high omts and high rainfall?* And then I wuld look inte
this air entraimment musiness, that is, air getting eutrained
in the rain. I don't kow of any other mechanism that would
do that; that is) ss far es fyontal precipitation is
conommed. As fur as convestive thunderstorm precipitation
is conowxned, it might be this terrifis twnover along the
lines that we discussed yesterdsy. But it apparently takes
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Rama LER 3
(contimmed)
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| M'mmwmzmnmmmm

well Delow the levels they'rs supposed to drop down 4f the air
stays the aame and if the air was occled by eveporstion and
falling rain. Vell, btut supposs; en the other hand, you did
not get a coincidunce of the high eounts with the high rains.
Then that would eliminate the rein as & possidle impertant
fastor and you'd have to look for other mechanimms not ecn-
nected with rain., Well, then I would imweke, fivst of all,
large mass movenants of sir vartically on isestropis surfaces.
You may not bave to go through & detatled fsentropis snalysisy
you may just make use of geneyal metecrclogissl ennsiderations
of descending alr comnscted with anticyclenes snd things like
that. In that way I'd try to interpose possible mechanisms,
dspending upom bow the dats im esch particulsr oass ssems to
agres both metecrologionlly and redicestively. Yo aid in the
interpretation and to aid in putiing forth reasonabls mech-
anisms, I thoroughly agree, Will, that it's just as important
to have vertical traverses ss horimcntel treverses, wvhich
we're now getting. The vertical traverses are necessary, but
I dan't think that thay'll ever give the fine detail that is
coversd by the werdis “the thres dimenstonal pleture of aloud.®
I think 17 will just be an extra bit of imformiion to help us
decids uhather it was possible for this oloud - radiocactive
oloud = t0 have been cnught in the rain area oy mot, snd things
1ike that. I don't think it will thyow any light quantitatively
that will improve cur understanding of vertical diffusion.

e
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(continued)

LIBRY:

WELLER s

WEXLER:

KRAMISH:

.

e

Maybe 1t will be a residus sort of s thing that we can attriiute
to nothing elssy but diffusion, but somebov I fael thst quanti~
tatively it will not improve cur knowledge of tuwrbulent diffusion.
In view of the fact that I still maintain that in a stakle atmo-
sphere it's probebly very much lower than the other processes
that are apoken about vith isentropis moticns, and in an unstable
staosphere much lower than penetmtive convestive procasses

suoh as thunderstomms.

You wld say then, {n view of the sort of thing thet Mr. Rlsen-
bud's doing and Machts is doing - and also atllect more rain?

Yes, and I go along with Will's recosmendation exoept I don't
think I'd dignify it bythe word eperiment) just sxy, yes; Just
as a contimmtion of the present cbservations - which is mostly
in the form of horiscntal traverss by sireraft - make verticsl
traverses by any meens wbatsoever - aireraft or balloon - as
they become available.

This is for alouds - not necessarily for strstaspheres Wt for
cosssessseThis i3 not necessaxrily for radicactive clouds in the
mm,mmrmmmm.g

No. This is the whole prodblem. That's the fallout we're
discussing.

GCiven a redicactive cloud placed in the stratosphere; does it
ever schieve a uniform distribution, and if so, how long?
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W__dERs

KRAMISH

KRLIOGG ¢

LIBHY;

" WEXLER:
. LIBBY:

WEXIER3

S

Is this relative to the pressnt problem? If this redicactive
aloud is wvithin the stratesphare, is it & olese-in prohlem - if
it's gant

No, this is the point applicable to the leng ramge problem.

It has t0 do vith whether you wonld want to get up there with
s belloon or not and meastre it.

I would say this - that 1€ this is an airdurst snd you get

gas only, and if you koow it is relessedy well uithin the
stratosphers, then I would think that Blsendud's collection
net at the surface of the United States would give you good
indications as to whether it's possible for that stratosphare
air to get down to the surface at such glose-in distance. That
would be a useful bit of information - if we osn positively
identify that information with wimt he colleote with tat

particular test.

Well lock, 1€ we gv as I suggeated the other day, %o Chile next
mamammmmmmmwﬂm
prove that the stratosphere bas redicactivity in is7

ot neceassrily.
Vhy not?

Vall, let ms ask you this, WVould you lnew initially whether
the stuff was contained within the atratosphsre ocupletely to
begin with and not below?

- TOE ARCHIVES
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WEXLER:
LIPRY ¢
WEXLIR s

LINSY:

WEXIER:

BOLZMAN :

LIBRY 3

snnhliaw

I don't know much about metecrology; of coursey but it semms
to me that by the time naxt Tharksgiving comes sxound it will
have reined cut all this stuff that's down bDelow in the
westher layers. Anything else that comes is them leaking from
dentss. + « « o ootorage Upstalrs.

Wy do you think you've rained eut svarything dow below?
Well, that will bhave beent six sonths since...
But rain iz a pretiy spotty thing.

Ohy you think ths wmshing time for the atmvsphere might be
longer then six montha? I was sssuxing it wutld de shorter,
to wvash out all the dust.

Ask the sdvice of the metaorologist - my fealing is that 1%
is Ly no neans certain, bt everything in the tropoaphers 1s
completaly washed out in six months., Vhat do you think, Ben?

Woll, I fael as spprebensive as you are. I don'd think you
oxn state for sure.

Well, let's put it another way, How can ws tall? It wuld
seem to0 Mo that there'’s a washing cut time for particoulste
matter in the lower layers. Row we don't know what it is
maybey tut this would be & thing which would certainly ncot
be over a yesr, would it? It would be shorter, perhsps, than
m«mmmw‘wmummmm

— ¢
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(continued)

WEXLER:

LIBRI;
YCICE:
LIBEY:

IGRy

LIBRY:

WEXLER:

FLESSET:

z 27!

thvough into the westher layars. If that's true, it would

be shortary and do, if you contime to make these observations,
m'nminsh@ummyunhmnﬂmuﬁtym
out in & wore or less miform fashion all over the world.

¥ow let me aak this, Dr. Lidly. Is it possidle fur the astuff
once 11's been deposited on the ground to get swpt p o the
atmosphere again?

I should think noct.

Vhy not?

Bow could it7
Attached tc wvindblown dust, or scmething.

Ohy tut 4isn't that very minor as ocompared to — I mean, the
chance of & given dust particle being picked wp and put bteok into
the air is very minor indeed and I imagine...

I don't kmowy we have Yerrific dust storms, as you know, in
csrtain areas in the world. '

xmustunmmsomm&mom
Ben Holsman made between vhat's way watairs and wbat's inter-
nediats. Is thers a continmal mixing at all layers - those
that ars closer mix more and thoss that are farther spart mix
less? Can you really sharply distinguish betwesn what's
upstairs and vhat's intermediate?
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., §° Well, probably not, but the real question confronting us is
whether ve're going to have radicsctivity reining out for
the next twenty years sven if we don't shoot btombe. Im't

this the real guestiont

WEXLER s And you're thinking of the stratosphare as sort of a dead
storage and that the atmosphere can almost drsw...

LIBEY: It diffuses almost molecularwise, I mesn, very sloulyj very
suall diffusion coeffioclent oomss down and then gets iuto the

weather wmone and gets rained cut.

WEXLER: Well, I wvish we oould think of cne thing at s \ime. I
| thought e were talking slose-in probless %o begin with, and
that's & separate mechanism, and what not. Now 1if we're
going inte the world wide, long time, long renge.. that's
mth-rmhl-. WM'tu&ﬁ%MﬁmM

GRIGGS 1 I don't think you pecple vho ave arguing are differinsg in avy
respect. You want vertical traversss, and he wents vertical
traverses.

" YOICBs That'll be & matter of language, but we'll returz %o 1t after this.

KELLOGG Yeos, I think the point is, are we talking about loosl or are we

talking world wide! Actuslly, what I intended to talk about vas
a proposal for an expsrimsnt to find cut vhers the matarial would
bey and the applicstion of the results to both prodiems, I think,
‘48 rather evidmt,
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LIBBY:

WEXLER 3

VOICK:

VOICE:

VEXLER3

Ineidentally, 1% may bs pertivent to point cut that this
business of the dispersal of dust might beomme quits important.
At least the air pollution doys, those that are concerned with
such messuremsnts as rate of dust fall in the ¢ity and thia
sort of thing,; ers somstimes quite conesrned by the fmot that
vhat they are measuring may, that they may be messuring the
same thing seversl times. In other words, the dust fulls and
they msasure it in a spot, and 1t {s redispersed by & wind-
storm and comes down again, and they've messured oconsidershly
more dust full than is sctuslly produssd in the eir.

I don't know why, but it strikes me as unlikaly that a dust
particle would evar get wp once it's set dowm.

Oh; boys; you cught to get over to the dust boul mres vhen
it's really blowing.

Ny reccllection is that the msssuremsnts that have been made in
the vary dusty vegions of the Las Vegas area indicated that the
seocndary plokup of dust had been extremaly diluted.

Yom, Jut 1t may still de of an order commansurate with the lsaking
out of the drip out frem the stratospheris stoyege.

Oh, ol

Well lock, suppose you had & resl good rainomt that bxcught stuff
down, I mean suppose some of the stuff wes oompletaly... and

- then 1t dried very repidly and then along cams a good wind and

np
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~£XLER:
(oontinued)

LIBEY 4

YOICE;

LIRSY s

VOIGE:s

WEXLER:
O0ONS ¢

VUICE:

YOICE:

ploked up essentially everything that wasy and would diffuss,
and all that..

Vall, most of 1t, three~fourths of it is coesn and you sgree
that ft'd get in the wmves..

That three quarters of it.

mm,mMMMMﬂm,mwm,
X just don't think very much of 1% ovuld get buck, even if...

¥all, could it get beck tc salt particles?
I think {t's a cne vay street.

Well, I'm very glad that you've aliminated one possibility...to
your satisfaction..

Vell, getting back to the main problem, it's a genaral problem,
to find out if there's any storage in the stratosphere.

That's right.

You yourself have recognised ths pessidility that over & period
ﬁun.uﬁccmmmhthmmttmmn

distributed over the whicle globey or certainly over the heaisphere.

Why 4o we nesd a big progran consisting of ssmples from many
places to find out if this is true? I should think that cne
traverse through the stratosphers with the preper instriment

would determine onoe and for all if there wers storage. Btarting
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' A';JICEI '
{contimied)

PLEBEET:
VOICE:
VOICKs

WICKOYY:

VOICE:

HILLs
YOICKE:

WVICKOFT:

right nowv..and starting later cn, in the mext big shots that

are soheduled would seem simple svough. Now Pete Wyokoff has

dons this, but I don't think he wants to put in too much credit
for this experiment, becsuss they just wers oonducted, and mot
for this pupose. He dldn't find suything last Thursday. This
is the beginning..

But you need to know the leaksge rate.

Oh, sure, maybe you have to do it two or thres times.
Bow high could you go?

Beventy thousand, and we have gone up o edghty-five.

Have you done any caleulations tc see if this vas the kind of
activity ~ vhat you would expect fromte..

Say, vhat was a reasonahle fruotion of Mike here and ccmpare
it with that normally likaly to be there.

You're working against some kind of a bagkground.
Yea.

Vell, it seems to sheck pretty well with what ve would expect
from comxic ray values —- any deviation it wes within the
instrument erver, s0 if thers was anything tp thare fyum Mike,
and there undoubdtedly is, it was much smeller than the ccosmic
ray walus,

Nt e v hi™

III L, .“.-A'«.II l_

BOE ARCHIVES

P



3

Y (0E; - Youldn't it have been smallar in any case! I mean, vhat sort
of instrument did you use?

WYCEOXF: Conductivity metaers,
LIBBY; Don't have any ¢heoking for the ssnsitivity.
WICKOYY: It's quite sensitive., VYo wers able %o chase the GRERNIDISE

aloud for instance, for thres days, and got very positive
tragces of the outline of it) snd other pecple huve chased it

mach longer.
KRLLOGG: This was 1n aireraft?
VICXOYY: In aiveraft. And this wes from the fallout omly, not the
" eloud 1taelf.
LINBY, And that might have been a thousand squars miles big at that time?
WICKOFY: Ch, yes. Well, on the third day, for instancs, we werc unable

to get around 1t, it was much Jarger.

LIBBY: " Welly you have two things on the Gresuhouse, ot the Mike, then?
You have the fast that you vers three days, snd the Mike is now
whatever length of time it is, quite & Wit less, radicactive -
and scoording t¢ our motions would be pretty well distributed
ssy, over the sarthy I wonder if you sould have datected 1t?

WICKOFF: I quostion if we would have besn able %@ find it much delow
our level of detection.
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KELLOGO ¢

LIBBY s

BACHER:
EELLOGO s
BACHER s

LIBEY:

HILL;

KBLLOGG o

SR

Did I understand Dr. Kellogg to say yestexrday that it didn't
require dps per for something like a hundyed
oo of air?

Yes. There wuld be ons disintegration per 10 oa to equal
commic ray background,

That's an axsssdingly high eonocentration.
I should think that it is pretty Mg.

If you reslly spread it through the alr md figured it out,
ft's about 10°0

It's 1,0007231 of ocsmic ray background.

Which 1s 1,000%%

The Miks aloud.

So 4t couldn't be checked, but i%'s still an important question,
even 1f it is only 1000*" of commic rey.

Vhat you need is a smwpls, & large volume of air for redicstrontimm
»sothe most practical thing I can see is rain ssmpling ¢n a global
besis, in pericds when they haven't shot bombs for a long time,

20 we ought to get busy and start sempling all ower the world
more or less right svay, Wntil the GASTIR serties starts.

Well, I think, there are two things I'd like to Mring in heve.
The first is to go back a littls to the session of how long would

¢ Lop s "
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WEXLER 3

KEXLIOGG s

VOICE:
KELLOGG s
VOICE:
XeLoaGs (1)
KELLOGG s

-SUERFIAN: (7)

,(
AN

Noreemaron

radicactivity stay in the sir. 1 havs here an XRL report which
mdmmwmm&hhdkm:omlefem-
physical Ressarch. The HEL pecple made studies on the oonosn-
tration of matursl radiocactive decay preducts in the atmosphers,
and cams to the conclusion after thelr msasurements, and after
making certain asmmptions sbout the rate at which they ware
produced, that the "mean lifs of sach substance dus to hone
radicactive loss,” that is dus to seme sort of sezvenging or
ramoval procsss, “was adout ten days.® I think that ansvers
the question of how long radicsstivity, once it got into the
lower layers, would last.

How low?

VWell, their observeations were made at the ground, but presumably
on decsy products which were prodused throughout the atmosphere.

'Dm'tth-uthinpmmmam?

This 18 not s cloud, Mmutuul radicsctive...
Ian't this radon from the ground, going wpt

Tes,

Radon from the seil and it's decay products.

Any ides hov many resdings were taken to ocme up with a statement
1ike that?
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WILEJLiNg Well, I telked to the man who wrote that, and he was agast si
ths fact that this might be used for the world wide probleties.
it might be the came way with Thomas and Bally here — I talked
with thse Tracerlab on that - Shearer, whe wvas in on that and
told us about it. Before he left he was scmewhat perplexed, and
he wvanted to get cut of that..pecple were uaing this for the
world wide problem, so I denft kiow whether we can say weahout
rate of anything, aix menths and three months or ten days, ten
yeairs — because I believe with Dr. Wexler and Colonel Holmman
vhether there is any uniform washing cut in the whole atmosphere,
and certainly that radon is not going o answer it.

LIBBY; Colonel Lulejian, do you think it possible that 4f we find rain
in Chils next Thanksgiving that is redicactive that this ia
stuff that has been below X,000 fest all of the timel

LULEJIAN The ansver to that is we aotually don't loww, so why say yes or
no to a thing like that: Certainly it is not based on that
report of radar coming from the ground which we have locked at
curselves. Ve find that it gsemms to ds a function of the surface
inversicn how much laock of build wp thers is in this rainocut.

BOLZMAN I don't know why you think that this is an esoteric reascn for a
atnfagelaseruptbern. Tou night think of that as being uni-
fornly distributed and then as coaing doun slowly. I think this
is the evidence of your getting some radicsctive washout from one
of our previous testas. How whether it is stored up thers or what,

I just think it is a sort of scavenging proceas,

i 4 2
B o .
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What we are debating 1s whether it is worth taking this tucket
of rain and vhat we osn leaxrn from it. Now we have sean
evidence yesterday that thare is to bs scme fission products

ve ocan't account for. Now maybe this is just poor counting,

or sampling, but thore sssmus to bs scme svidance that about half
of this stuff is missing.

The same tecinigues were used for Tumblar/Snspper as for vy,

and there is a big discrepansy. If there is stuff missing it is
presumably in the air. The mest likely place weuld sewn %o be
high levels, it sesus to me, Colomal. Cf course; X believe the
weather wnshes out of the bottom 30,000 fest a lot detter than
it doen the rest of it.

B
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WEXLER:

HOLZMAN:

LIBBY:

RISERBUD:

WEXLER:

VOICE:

LINGY:

BEILL:

S
L)

high lavel storage. For example, it 1s possidle for meteorologists to
propounmaombhafm. They can bring stuff down to Chile, in
Mlnm;i«k, Mrmem“m‘anmumutm
'y mk.‘ That {s neither an argument for or sgainst high lsvel storage.

I think that it would be interesting to notics that it gives a background
information of the distribution.

Ithinkthtnmltumwmw;mymw
€0 make. !whncmtmmmmuu,m;vm, Mr. Efsenbud?

Yes.

Maks the measuremsnts and then go on from there and see 1if the meteorclogists

can sxplain this particular rainfall, vhether bhe has €0 involve high level
drip or mpusual transport across the eguator.

Can't scwsthing be done to make thess fallout mswasurements more useful in
teras of rainfall and st the same time taks very guantitative rainfall
measu;cuents to get some ides of how' the radicactivity ie related to

rainfall intensity--or has this been done?
It bas bdeen dooe.

He has charts plotted where they have barographs from fallout messurenents
and rainfall.

That bas been done at Upshot-Xnothole. What they didivas alart three
stations around the eountry to go out vhes precipitation starts and
eollect rain at 20 minute intervals for the duration of the precipitation.
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VOICE:

VOICE:

LIBBY:

GRIGGAH:

WEXLER:

HOLZMNAN:

LS
%
Yo

Those dats should be very interesting.

One thing that seems to me would be very isportant is exactly howv efficient is
your msthod of collsction. The amount af stuff which is up there varies. Ve
Just took 50% out of the hat and this is something that you must be abls to

econtrol quite accurstely. We wvould have to see wiat that efficiency is and

then ve would be able to at least gt rid of ome unsertainty.

I think thet it is very important to distinguish between stuff that is
brought down by rain and stuff that f{s oot drought 4own by rain to be
sbsolutely sertain that you have those two eategories.

And this in periods of gquiet vhen you dom't have & lot of loeal.nu-dn:m,
radicective clouds floating around during periods detveen tests.

. I still hope that we can think of some vay of using operational alireraft

to gat some 1dea of the stuff being upstairs.
There is an airplane that will fly nearly to 60,000 fest.

Vell, 4f you can do that and have a sampls~-but Ben Holsmen's experiment
von't help beesuse you 4on't knov vhat height that stuff is picked up at.

That's right. It is so dilute that you have to0 take quite a largs volume
to get snything, and it is so old that you have to take gquite a lot.

I don't vant to de used as an argument against ¥ill's proposal but I do
think that, =may, abd#mtmunumabmtm
the thing is distributed with altitude and maybe some orderly prograa
vhere ve might bs able to gst scme rates of scavenging or diminution of
the activity might be worthwbils. My remsarks wvare mainly 40 be used
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FELLOGG:

WEXLER!:

LIBBY:

WEXLER:

P
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miutdoimtﬁ:fmumd.nmottmmmmm«tm-.

sort. What I am iaterested in finding out is vhat the dfstridution of
this sturf is with altitude and how long it stays there. You might be
abhummmmlmma!hu;:nmtdtymmmm
might give you this. Distribute them arcund the earth or something of
this sort. You could get a balloon program, o a very small scale vhich

would give you some 1d4ss bBut the fosus of the problea would be to0 determine

hov mach is wp there and vhat its distridution is snd vhat its loss from
the atmosphere woull be.

Did I understand you 10 mean in & little different way, and it is also I
mumtmrym, that ve von't be sble to use this data for sny
fancy analysts of diffusion rates tut it will de soms direet evidence on
vhere the saterisl goes vhich we 40 not at present have!

And if you ean Just throv additiomal light as to wvhether the vertical
sovensnt of the stepdown is done wostly B rain or by nomrsin. That

noarain is extremely important because if this is stratospheric stuff,
it has got to get down from the strutosphers t0 rain-bearing levels so
that you have to throv light on both of those mechenisus.

Would you gentlemen hasard a guess as to the diffuston eosfficients?

X lambasted those things yesterday and thuwfore I have disallowed myself.
I Just don't delieve a mumber ¢an really express the complexity of this
vhols prodlem. Comprising a whole range of something that effects
cigarette smoke to thundsrstorm. They all emter into this business
but I 40 think that wve have plenty of evidenes, indirect evidence, that
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KELLOGG ¢

KRAMISH:

BETHE:

EURN

S

the atmosphere is capable of maintaining stratification boosts for long
periode of time as shown by moisture vhich argues against these moves and
then at other times it is capsble of going through tremendous overturnings.
Bither vertically, by msans of convection, or slant-vigse, Ly oeans of

adiabatic processes.

I think that ve all agree with you on that it {s very 4irficult and runs
through a big rangs of variation.

Ve will forego the individual reports of the commitise achairman in the
interest of getting s discussion of Gedriel started. As you probably
alresdy knov, the comelusions of the old Gadrisl report were that it
vould require of the order of § x 10° er around 10% mcatnal bombs to
bring the world up to & "mean lethal® devel of S§r°°. In the policy ead
classification meeting yesterday, s caloulation of this was redone, and
I understand thers vas some consternstion regarding tha results. I think
that 1t has been iromed out, and I would 1ike o ask Dr. Bethe to give a

short talk on that.

Most of us were rather perturbed at the vide latitude of figures which
vere floating around, and I sm not sure vhather w really can aome to

sny dafinitd figures but at least we bave tried to straightes out some

of them. One of the quastions vhich we discussed (this ves particularly
Lauritsen, lihhcr, and myself) is the question of the tolerance dose end
hmmmrmmuemum_npum, mum&um
things to go by but the argument vhich we finally decided on was the
folloving. There 1is an accepted tolaranee figure for gusms rays for vhole
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BETHE:

COMAR:

]

body radiation which is 300 mr per veek and 50 mr per day. Now suppose

you bad squilibrium of S£°° in your bones, you oan ask hov many milacuries
of 8r°° you need to have 1n all of your bones in order to get that ssme

pover of dose., This is e nry.unph matter of srithwetig and I belileve
that this 1is sound because the perticles which finally do the damage are
elsctrons in sither case o they are particles of lov apecific foniszation,
and 1f you bave uaiform distribution, I suppose you should get about the
right mumber, except for one thing, mamely, that your bome is probably

not the most sensitive organ which you have in your dody and the tolerance
doss 1s messt for the most sensitive part of your body. I think you get

anemia first. If you assume the same tolerance doss of 50 mr per day, then

this figure ought to be 10 microcuries of gr’° throughout your bones.
Didn't you have to take the bone volume in this ealsulationt?

In this caltulation ve assune the usual 7 kilograms of bong and ve said
that the ionization, the number of ions falling, is in proportion to the

nass, vhich is very nesrly correct.

I must point out that one figure has been used © go from vhat you would get
far even distribution compared to wvhat you would sctually get from the
particulate dlstribution in bons, and this i{» s value of ten. In other
vords, this is not a good value but 1t is the dest ve have 30 w would
say that the Sr7° would be deposited mct in all the bose bus in sbout
1/10th of the bone of the bdody.

Y suppose that this depends sgain upon the age of the indtvidual. The
mynuntodtopmmd,Imumcm&tomtmhawmbun
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saying. Namely, ;nswryymgwﬂdmmuuponatoumrum
level of 8r°° you would get a more or less uniform distridution. In an
adult, I suppose, you would get depasition mostly et the surface, but if
you had the same level of 8r°° in your ealcium then this level would also
exist in that part of your bope vhich is recsntly deposited, and therefore
you would have to get the same level of 8 per caleius to get & dameging

radionstivity.

I think that Bvans has got soms unpublished estimations that there are
hot spots of esloium 45 in the bomw that are as mush as five times the
sesn deposition. I haven't read the paper, and this is Just some gossip
rhnwa»xmuminmmnnumummux
distridution.

The mean free path of the radiation {s probably adeut one milimeter.
™is {s sort of average. This vould de a sort of msan free path.

Well, you have sbout two atllion volt energy losses perpinpcr sgquare
centinmeter for fast particles. Nov the limit of the beta spectrum is
2,000,000 volts; ve assume that the average was 600 kilovolts and 600
¥tlovolts 1s not quite a fast partials 30 you get 5/10ths of & gram per
square cextimster rangs.

mmnsntmmhmthmnur.
Yes, 80 you may get 2 millmeters.

80 any structure finer than that is of no consequance.
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LINNY:

COMAR:

COMAR:

BETHE:

BOLOMON:

I baven't seen it but I would consider that these are depositions in

arsss larger than 2 ailometers.

What is the scals?

These are rather grass struttures, oa the order of 0.1 ms.
There are definitely large spots that you see vith your eyes.

Anyvay, isn’t it trus that if you have a constant lml. of activity,
constant through your 1lifetime, all this doemn't matter?

This is very true, snd if you are talking adout that, then assune that
even dfstridbution,

I think thet ve can assume safsly that radicective atoms are deposited
the sams vay ss nonrsdfcactive atoms because ths body certainly wouldnjt

knov the difference before they are dsposited,and from vhat we heard before,
I have sssumed that strontium is deposited the same vay as calcium and that

there is no Aiffsrentiation. If you are talking about a level constant

vith time through a lifetime or even lavel comstant through enough time

to deposit, let us ssy 2 mfllimeters of bone msterial, then it doesn’t

satter what the details are.

You say 10 microcuriss egquals three tenths or am r per week?

I Just dom't knov enough about anatomy to knov vbat the trsvecular

approsehr to the hamatophylic system involves.

Doss this go dowm close

to where the red cells are msde or not! Because {f ik goss down olose

to where the red ¢slls are made, thenm you have got the probdlsa of inducive

leukenia.

I don’t know but it ocught to be taken into sccount.

a—
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BETHE:

BusBEER:

BETHR:

BOLOMON:

SOLOMON:

I think, Dr. Bethey that the proviem is someviat simplified because

this is an intricate one vhich has besn vorked on by a mmmber of
radiologists and the Nationsl Committee for Rediation Protection and
derived at the accepted tolarance figure for 8290, which is 1 microcuris,

viiich eomes not from the 300 ailliroentgens per week but in the relatiouship
of the mxumh,a:ututmmmdbycmfmmauth
various groups from Brisain, fos example, snd from Canads and bas been
further adepted by the Intermatiocnal Commission 80 that one could, I

think, sccept that as the standard to vhich w» are working.

Vell, I'm sorry I ean't agree with you on two asscunts. You say that 1
aicrocuris is the acceptable dose of radfum?! I thought that you said
yesterday that there vas a fuctor five in effectiveness per energy.
Thers vere two standards, actually, and they are not entirely consistent
by adout & fastor of five. The 300 millircentgens per veek refers more

t0 & gamma ray type of situation.
I was trying to argue that you should use that standard.

The density of foniszation along the beta trask 1s different than it is

along the gamsa tay traok.
But that is vhat you measure vien you Reasure roentgens.

Ro, but a factor of five or 10 for alpha rays as opposed to beta rays,
mm.ummummnmxm“uaammtmk.

This alnc is true for deta rays.
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COMAR:

BETHEY;

COMAR:

BETHE:

In asetuality the tolerance valus eslculated by the two metiods, Dr. Bugher,

1 think comes cut very elose if you put i{n the faetor of 10, which ias what
the group has done. In other words, it eomes ocut alaost identical.

Vher you take 1 microcurie of radiun and {f you then take into account
the ratio of energy of radium as compared with strontium, which is adout
10, and in afdition the faotor five for effectiveness of isotopic versus

_mmw-,mmmunwmmmnmm

the accuracy of these numbers.

I an just pointing out that there has been an imtersationsl sgreement
on this case on the tolerance figure and that is the one on which we
vorked and 1t is the only coe vhich exists, and the general sceeptance 1s
that of 1 aferocurie body burden for Sro°.

Well, 1tnﬁh-nﬁamwmmum.

Well, I think that it makes a difference vhether you are going to talk
about the stuff going into an adult vith a bone forasd or being formed
altogether. As it goes into the adult it only goes into one-tenth of
mm,mmunwcm:mmeMmmu
down to ome microcurie. If it is formed right from the beginning, vhy
then it is sttributed to all the bone, and you wouldn't have to taks &
factor of ten. It seems to me that it is In agreement.

With this I sgree entirely.
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BETHE:

RETHE:

BUGRER:

BETHE:

Y
{

Only the ythius. That is essatially just the ythium. Well, we took
2,000,000 volts maximum deta rey energy which, umderstand, is the
ythium oumber and that is adout &0 kilovolts aversge energy, maybe it
is 900, but I certainly won't azgug=abois 50%.

D
Doesn't a good deal depend here on what you umat to use this figure for?

The accepted peratasible body burden of 1 mioroouris presumsbly has the
safety factor of ten, so if ve are attexpting to keep ths average load

of body burden &f the population down to an sbsohute safe figure, shouldn't
we stick to the 1 microcuris figure? If you have some other purpose in
mind, them prodebly ten is more realistise than 1.

Well, I vanted to get a figure vhich could be comparsd to other figures,
which are coumonly used other than a figure vhich is taken more or less

by arbitrary agresmsnt.

Well, thers prodably is a safety factor of tem {n the three hundred mr
per week, too, isn't there? This i{s also supposed to be real safe.

Thres hundred ar per week is probably not as firm & standard as cune-~tenth
miorogram of redfum. That is cae £igure compariscn--that is why we like
in these internsl emitters to go alcug the one-tenth microgrem redium
standard rather than the gams numbers.

Nov as far ss a noxmmniform distridution is concerned, I think you will
be all right as soon as you talk about a level of stromtium relative to
ealciten which 1s being adsorbed rather than about total smcunt of

strontius, end I think 1% {s important to try to eliminate the csmpounded
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BETHE: fastors of safaty or uncertainty which you briag in by first calsulating
one thing and then anotber and forgetting what you have calculated defore,
and that is viy I would like to caleulats & uniform distribution and then
ssk vhat is the ratio of this to tetal ealeium, and this ratioc to total
calciua should be all right sven if ve have a nomunifors distridution.

BOLOMON: But Lif you eonsider the ratio of strontium t£o calaiua thers sre three
seta of figures that are available I think. One is that Comar finds
that anfuals take up strontiux at the same rate that they take up
ealcium. This is ons set of figures. Secondly, there iz a set of
figures ia the literature sbout a coupls of other investigators in
vhich it looks as if animals take up caleimum twice as repidly as they
take up strontium. In other words, there is & two-to-one competition
factor. Thirdly, there is the data the Krieger has which based upon
Just the Aistribution of the normal stremtium to ealefun ratio in matter
as it now exists, there is a fagtor of 100 detween the 804l and man.

BETHE: In which direction?

ERIBGER: 801l has a higher ratio of strontium to ealcium.

BETHE: at ratio 4o you get for soil?

KRIBGER? The typical Bastarn American soll {s the ratio of about 318 strantium atoms

to & 1,000 caloimm atoms. In the results of investigators at UCLA, the
ratio for adults, thai is from 5 years up to 72 years, is sbout §¢.35. The
«7 is on the weight basis rather than atomic.
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LIBBY:

KRIEQER:

ERANIEH:

KRIEGER:

LIRDY:
KRIEGER;

EULP:

KRIEGER!

pors
(a8 S

This is 35 atozs then per thousand?
Yos.
Could T have a fev more of those figures®

Yor natural water the figure {s about 33. JFor sea water it is adbout 11.
The aversge for the earth's ¢rust is adbout 4. The average for plants,
that is the legumes, vegetadles, grasses, trees, and bushes is abdout P.

Could you also give the data you bave om & different culturel group?

Some Japanese figures are rather incomplete. Asari tested or made
assgys on 11, vhat he called proto-historic, specimens. He found from
$92 to 2,114 parts per mtllion af stromtium. Using the figurs of
575,000 parts per million ¢aleium for American husan bdone ssh, the
ratio turns out to be .7 to .25. He alsc reported a result on one
present day bone, & tibin, and the result there is 2.2. There is some,

there is decided discrepansy.
How seny skeletons did he bhave?
Elsven, twelve actually. EKleven for that range from .7 to .25.

Isn't there reason to quastion those high nuwbers for the soils natural
vaters?! They all oame from that one very early investigation didn't they?

Within a relatively recent publication of the Department of Agriculture
they still refer to the results of Robinson in 1917 as the best so Car.
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Odum got the value for ses water arcund 10 - which I think is right.

He reports the figure of 9.23.
Ddn?t you have Knoll's figures?
knoll gives two valuss, 8 and 9, for surface and subsurface waters.

What I was getting at, Knoll also ran some reeks = didn't he? —
feldspars snd things like that? New, alw ssdl is rock flour and
clay, and 1t is very hard to sss why hers should be a 10 or a 100
fold enrichment over the rock flour wiich I think reads 1-2 on the

scale.
In the neighborhood of 2 ~= probably g little higher.

That was knollts data and I think the theory was rather carsfully
done, 8o that is all the data we have on the ssil, but I think there
should be a question mark after it on that basis.

It is true that these figures have to be looked at very sarefully,
at least a derivation of these ratios causes unsertainty in the
values of the measurssmmts.

The natural water would cut right through soms of these soil.

You ses the water valus there, sc naybe ths soil represents more
nearly the watsr valus, and the desper rocks not.

There is some evidencs of that exchangs to the sea.

A O ARCHIVES



—JTERN

SOLOMOR

I would like to post soma conflicting data. 1 dontt inow the
sourcae of it, 1 mean the ultimate source. Odum, from the Univeraity
of Florids, in 1951 published in "science” some work that he had
done for a Doctor's thesis, 1 believe, in which ha gave data llke
this. Water intc the occeans from the rivers had about — well
depanding on the dissolved strontium -- 2.2 parts per thousand —
atcas per thousand - in silt 3.4 and volcanic organs 2.7. 3Jedi-
mentation from the ocean had a valus ranging from l.9 to 3.4,
ciopmdmg upon whether it was sandstone, shals, limestone, ro;d alay,

atcs, blue mmd, etoc.
Ia this part to the thousand, or {s it atoms per ihousand caloium atoms?

It is a ratio of stronitium to caleius in sioms per ovne thousand, which
I belleva is cousistent wiih the other, and he quotes the analyses of
same 50 fossils of ocean 1ifs from the early palecsois to recent times,
as giving values ranging from l.4 to 10.5, although only three of these
had values grester than 4. It was his thesis that the ratio of
strontium to calcium in geclogical cycles is spproximately constant,
and that ths ratioc had not changsd greatly over recent geologioc ages.

I would 1ike to say that Odum did his work with flame spectrometer,
and we did a fairly comprshensive survey Jjust as sarbonate rock and
fossils uasing a spectrograph and checksd those very closaly using
indespandent standards and nmethoda.

Thers are no scil analyses as Krisger says. I talked to Robinson
about a year or so ago, and those old analyses that he made in 1934
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and 1917, as far as they know, are the most recsnt ones that have besn
aade, and I suppose as good as any.

I talked to Dr. Fleisher at the Geclogical Jurvey some time ago and he
was very skeptical about the wet chemical strontium data.

My evidence I just put out in self defense is based entirely upon the
up-take body aniaal of 3r%0 o as compared with sey caleium 45, and
also the endogemous, 80 we feel very definitely that they are treated
quaniitively in almost the ssue way. Otm'umnightwi
different fracticns in the soil, although you think that strontium
would ecour in the same chemical state as caloiup, but there might
possibly be a fractionation thers, but certainly after it gets to the
animal wa feel that there is no fractionation.

Perbaps we ought to proceed with the caloulations. 4= long as we
have an Adea of what the unoertainties are we can discuss these

saparatealy.

The next section — how much available calociwm there is in soid. I
wnderstood yesterday that this is supposed to be 1 part per thousand
- ia that correct?

This estimate was gotten by calling up & man whom I have never met
at the Waltham Field 3tation ~ and saying - 1f you had to make a
guess, what guess would you make, and so it is not terrilly good.

The old Gabriel used that.

Can't we do better than that?

OV .
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It varies tremendously from placs to placs. What I was getting after
is what appeared to me to be the most valid.

Available calaium may bes equal to the calcium that goas into grass.
This is available calcium in tilled soil end so1l that is under
oultivation. It is just like Jerry Hill trying to take Eisenbud®s
data, the mumber of places at which you have made the messurement
is the small part of the eerth's surfacs.

This varies tremendously with your lesation.

Yos, but we have it figured for average plants. Just use an
average - but realiss whst you are doing.

Is this goeing to affect the mumber of bombe linesrly?

Yss, sir.
Is Mlmnty synonomous with sxschangesble?

Of course, you are lsading up to snother question and that 1is
whether the deposited mumnwmmuthm
available caleiumg which I think would be a Mg question mark.
This comes an the surface and the plants you are feeding the roots
dowm two or thres fest below, you wouldn®t get mixing. I think the
stuff is pretty well fixed an the top 2 or 3 inches.

Wouldn®t rain sweep it down?

NHo, I think the finding is that caleium and strontium are fixed
pretty well to the scdl particles and the movemant is practically ndl.
Hr. Larson has soms data on that.
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We bave observed the activity from the Alamegorde bembs over a
period of 5 years and cannot find suy penetration deeper than 2 1/2

to 3 inches =~ this is confirmed by the plutonium extrastion only.

That i3 the gross fission product astivity vs. the alpha activity.
Another experinent that we did was to take some O to 5 miaren
fraction material from Snapper 7 and lsach it with 60 inches of
water in & colmm that was é inches in diamster and 2 feet long.
After the 80 inches of lsaching we were not sble to find the
activity penetrating the soil any desper than 1/2 inch, if that much.

The plasts that the human will ingest will come from sultivated arsas
will they not? Thers will have been considerable artifical mixing
dus to plowing and other human operations. 5o we probably have a
differat l&tﬂ;ﬁoa‘harlwhw' plants asn get the strontium.

This 13 the isportant area too.

As & dund but daring metecrologist, can I interjest myself into this
subject of whiock I know nothing? Lets just take the mumber of pecple
and multiply it by this figure hers to get out how mush strontium you
vant te innoculate sach perscn. Unn'tyhatd.nmgtklusbm
minimom number of bombs?

That would hardly come out to be a little lesss than l.
Thatts somsthing I didnt know hefore,

The figure is of 1 gram Sr’C will 150 million people to meximus
permisaible dose.
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Well, youfve got a lower limit now. Are you trying to gst an upper
1mdt?

¥o, I sm not trying to get an upper lindt, but I am trying to get a
reasonables mumber,

Why don't you try to get an upper limit first?

X don't know how to get an upper limit, however, may I provide you
with what I 4id and maybe you ¢an then criticise it.

You took total smount of Sr'C that was produssd so far and if we
assumad that 99.99 per csnt of it was wunavailable, it would still
bring the total pepulation of the world %o 7 1/2 per eent of the
maxizum permissible toleranse level., It would dring the total

population of the world to 7 1/2 per sent, wam't that the figure
you cams out with last night? Assuming that after you dropped all
the bomba you dropped s far « o . about 9 kilogrmss and 5r%,
Assuming that that found its way into the bone at s efficiency

rate af Ol per cantj all the people in the worid would then have

7 1/2 per cect of its maximum permissible dose.

We tried to avoid just that sert of thing. And instead what we
wanted to assums was that the strontium which has been prodused is
distributed over a 6 inok lgyer. Now this may be a wrong figure.

7.5 ineh 1s the standard top soil and there?s 2 x 10° 1v, tep sotd
per aore and this works cut to 220 grams of calcium per equare meter

—

of orop land.
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220 grams. This is your 10~? ealotun.
Yosf that?s right.

Then we have used essentially the sams numbers and with these
nunbers what I get is that & mg/eq, mils =~ I's not sure if thatfs

the nuaber you want. A-mwmo:a”mmnmnn

give you in equilibrium of 1 miorccurie in the bones of an adult
person.

Thatts in 20 years growth?

In equilidriun
¥ay I ask you how that acmes cut to 270 micregrans per acre? Are

they coaparable figurea?

rmzam.thww. This is 150 =flligrams per square
aile, X think, is what you said.

Thatts right.
Now suppose I state my asswpiion in detail. You have 1 kilogram
of oalcium in the bone and 1 microcuris of %70, which s 5x10™°
aiorograss, therefore this is 5x107° of the swwunt of ealeium.

m&mmmmm.rmmummm;m
of reasoning. You are going to finally stats that the amount of
strontium deposited is related to the smount of calcium, and that
is only true up to the point of wertain optimal calcium intakes
and bayond that 1t dossntt hold. In other words if you start out

uwammmumm,mrm?nbwmmm
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strontium you get a certain smount of stromtium deposit, now as
you inarsass the calcium you dsorease the strontium deposit up to
a point of aptimal calcium intake. DBeyond that point the addition
of more calcium does not csuse & further redustion in the
deposition of strontium.

Vhat 1 this sintmm? 20% of the stromtiua?

I couldn®™ give you a quantitaiive figure, exsept ths ourves for
animals show that as you reach the optimal consentration of ealoium
that the ¢urve of the strontium levels off as far as the reduction,
in other words that the curve goes down like this, and its linear up
to & osrtain point and then 1t starts to level off, The reason it
mmmumwmaw:mmmuuum
behaving axactly the same as calcium. Thers is a difference and when
mmw;mnpmtmmnmwmmmmmto:
calcium being deposited any additional calcimm you give in, first of
anuub.m-nmw&mmmmmmwmnm
point may have another type of mechaniss of deposition as far as the
quantitative relationshiip is oconcerned and it would be at that point,
for instanse, vhers the addition of more strentium might keep the
ourve going down wheareas caloium wouldntt,

I afraid I didnft wderstand, I do not understand vhether you are
talking about the ratio of depositicn te intake, or whethsr you are
taliking about ths ratio of strontium to asloium,

In other words 1f you run a series of experiments with various smounts
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of calcium intake starting with a low calcium intske and a standard
axount of strontium as you increass the calofum intake (and this has
been dcne with radioastive strontiwa). The strentium goes down until
you reach a certain point of salcium intake them this curve levels
off, then the addition of further calaium dees not eut down the
deposition of strontium.

I think this iz & singls doss experimsnt which doesn?t enter into
this type of caloulation, in other words this is sort of an isotope
nass effect and that's our old plioture of & single dosse whan the bone

is already formed.

Well, I could be wropg tut I would certainly think the same thing would
apply in a growing aimal.

Hot when your mass of strontium ia so very smll scepared to your
calofium.

Those wers tracer experimenis.

This is a aingle dose. You could do the same thing with calelium 45.
If you took caleium 45 instead of strontium 89 you would probably get
the same results; that is an isotope mass effect.

I think this is a second oxder correction. I think that we are on
such unfirm ground, I think this kind of & variation is less important
than other things that we ars oonsidering,.

This 48 a theory related to what we discussad before and to the point
on which we couldn't agree befors, namaly if you fed strontium and
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caloluz in a certain ratio %as it dopoaited in the samo ratic or in a

diffarent retic? How I have assumed that it is deposited in the same
ratio, as it is sald thare is soms evidance which was presented before
that strontium is deposited in a smaller ratic than is fed. What I am
dolng therefore now 1s to make porbaps & slightly passinistic asswusp-
ticn, but one which agrees with Mr. Comarts findings, nsmsly that is

that they are depomited in the same ratic in which they are fed.

Well I thin that Mﬁhinamntm. To »y mind itts
incorrest, dezauss it varies depsuding wpom the particular ratio you
ars using.

A1l one 13 arguing about really is the fastor of 2. We're in the
arca of whers factors of 10 are already mmall. I seems to me it
comms out to an order of magnitude whars the correstion im't very
good. The differaice betwem thede two numbers is a factor of 4
deesn't account for that.

Bow I say 5x10732 of the calcium is the tolsrance level cormesponding
to one microgurie bscause it is over all the bones in the body. Then

1 further say that in ons square centimster of seil, going down 6 inches,
which is 15 cublc centiusters, which I call 30 grams of soil; and I say
that caledwm in this is 30 mdligrass avallable calolum and now I permdt
therafore strontiua to the extent of Sx10™1% times .03 which means
1.5x0713 armots‘tronum”p-raq. centimster and that is the sams
a8 1.5 miligrans per 8q. kilometer or 4 miligrans per square mile. Now
if the area of the sarth is 500 square kilomsters and thersfors you can
pcm:.tomthuonﬁreuﬂh@ﬂlnmﬂat&r’o. Ons kilogram of b
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i3 produced in one megaton of fission and therefors this corrssponds
with 800 megatons. Now that is not a large number, that is about 100

times what we have had.

Is it necassary to take the sount of the natural strontium which is
available here in the socil here in thsse calculations or not?

It i3 only necessary to the extent that the uptake of strontium and
caloium may be differsnt. If we believe say take some average figure
from this column. YThen it would seem that the strontium, calcium
ratio in the soil is about 10 times higher than in the human bone
witich sontradicts Mr. Comar's experiment, and if that wers so then
you could tolerate 10 times as much 3?0,

There is certainly emough physiclogical data to indicate that
strontium and caloium are handled differently in the human body or
in the animal boady and that is the fact that at the point of
mineraliszation, in othwr words the uptake may be similar, btut 1f you
take a rate, for instance, and put ih on a real low caleium dlet and
try to supplement stable strontium for that calcium he will become a
ricketic animal} he will develop rickets, the point thers being that
the animal will absorb the strontium and will put it into the protlien
part of the bone but he will not mineralize it. Thereis a difference.
Whether the difference is out of line completely, I don’t know ut at
loast it does suggest that there could be a point in the metabolism
of strontium on a completely adequate diet where this type of thing

wontt hold.
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I think that's reflected vary well in this table hers. The strontium
calcium ratio is only about from & tenth to a hundred of the calcium
strontium ratio in various parts of the sarths surface. From that
you should be able to throvw in otliar fastors stmewbere from 10 to
100 into your 900 megatons, and that’s getting to be a heck of & lot
of tous.

Exoept. for Dr. Comarts experinent.

Well I'd like to define again that we're dealing wiih a little
different situation. X don?t think these two ideas that are inocca-
patibls at all, X%a only saying that &t tracer levels of strontium

the material is handled in the same way. Iis trus you can*t replace
caloiun with strontimm. Your dealing havre with ratios where the
calsiumestroniium ratio is tremendously high. Obvisusly 4f you put

an animal on a sero calcium ratic and try to put strentium in it, its
pot going to work, but your not sdding any mess to ths natural appearing
strontium in the scil here by auy of the fallout so that under normal
ecnditions this caloium-strontium ratic is still geing to be very high
wnlsss you have some tremsadously saloium deficient diet and so I think
wetll sertainly have to believe the mmalytical values as far as the
ever all offect is conoarnsd in this thing, et I still say about Sr'
ad calaium A5 given to animal bLehaves the sams way I think has demn

sxperimentally accepted.

Of course one of these is in equilibrium concmtration and the other
is going up to emilibriux. These are really guite differant neasure~
mants, Thers is not thing that ocught to be taken into account and that
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1s that in the adults at lsast only about 25% of the bome calelwn
is exchangeable.

But I thought that all of the assumptions whioch we should make ahould
be that the part which is sxchangeable is in places which ars closs

to tissue which cau develop cadoer. lIsa%: that right? %o the outside
of the bone, and therefore, culy the level mattars and not the actual

anount «

I followed the same line of reasoning that Dr. Bethe did except that
I dt4 it with strontium instead of with calodum and ons of the resoons
that 1 did it,beasides the anes I've mentioned so far, is that you
assane that this 7/10 of a gram is the total amount of strontius in
the skelston. A growing person depoxits an average of 100 adcrograms
of strontium a day and its pretty sasy to calsulate that he is getting
far in excess of that in bis diet, so that thers is some selective
machanism in the way in which this staff is deing dsposited.

Far in excess with respect to the excess to the excess salcium.
Eo one lnoow the cannection batween thoss twe.

Yos, but tell me isn®t the only nmder in whick we are interested in,
or the only twe musbers — these two mmbers, adults and soil, what-
sver poil may be? Well ihe other one I oonsider from the discussion
before as discredited because 1t is an old measurement. I don't know
mm'ammmmmmmumwau
very mush lower mmbers.
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It might De wvater as well as soil.

Even if you take silt compared with the thers’s a factor of
10. Is that in your nusbers thers already?

No this is not in my mmbers. I assune that ths sams ratio of
strontium and caleium exists in the human bome as in the sail, and
I further assume that in the sodl there is one part to s thousand
of available calofum, Both of thsse mmbers may be off, |

The things we're recommending will tlrow a resseunabls smowt of
light on thia becanse out of our pilot program sssuming it is dons
ons will seasure the soil radicactivity, the plant radiocactivity and
the radicactivity in human bones. Among other things, we are also
2oing to measurs, if it can be done, ths stromtivm content and the
caloium content and so one should in & few months be able to move
~out of ths rangs of fanoy into the range of fast.

Why do you have to get into the radicactivity part of it &t all.
Why not carry out a progrem whers you asssurs the strontius in the
sod) and say in the water and in bone and re-do these and get good

values?
How about msasure sewage?

We suggested foces because thers is some question sewage slugse
containe &ll kinds of stuff which has gone into ths sewerage and is

not of man origin.

Joo, I wonder 4{f you could just discuss briefly that Japsness data.

m
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The raason I hring up is are wide differences
in strentium content smong different groups our limit will have

to be dictated by that particular group. 1 wonder if we can have
mdﬂxmﬁmmh&mdthuﬁanm
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I took the same oaloium content as I did for the UCIA results,
so that's vhere the scurce of error may be. The calcium con=
tent of Asari's samples may be considerably higher,

There's a tenfcld difference, Ons guy would have a skelston
and the other wouldnt®t,

But vhat throvs soms reliability on proto-historic samples is
the one modern-day sample that he quotes, He has a figure of
1860 parts per millicn in this relatively modern ssmple of
strontium, vhersas the UClA figures are 160 parts per sillion
for the fetal samples and 240 for the adult saaples, The
factor 1s almost ten percentage cf caloium content, I haven't
seen the original paper., Thess are figures taken from ten
abstracts, We're getting copies of thess papers by Asari from
the Berkeley Iibrary, Thess results wers published in the
Journal of the Chemical Scolety of Japan, and the holdings of
a relatively small country,

Jipan is cne of the places included in cur list of places to
sample, but ¢f course this dcesn?t msan that in China the

figure may not be aix times higher than in Japan,

It may be interesting to check the strontium eslaium ratic in
rice, m.hpnmudicthimhb]:hizhmriusﬂwm
in protein,

I think there are good physical chemical reascn for believing
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that Dr. Comar’s results skenld be given the strongest weight,
nazely that in the exchangeabls caloium and streamtiua, The
ratic of that exchangeable material would be very similsr to
vhat you get iu the bonss, the reason being that the par-
Soular sites cn these elay particles are ideal for the fonte
radius of salaium and, tharefors, as far as base exchangs is
conoerned, you would expeet an enrishment in faver «f ealaium
on the surfacs of the elay parilole, whieh wonld reducs 1t
to the erder of 1 to 3 towmyd the peint 3. Sinee we have
direct experimsntal ecufirmation that it is talken {ntc the
bone & it is in this scurce, it seems to me that's the
maber ve should wnderline,

COf courss the soil is total strootium againat total caloium,
end your figures are exchangssbls,

Yes, I'm saying that if we bad exchangeabls, vhich 1s not a
hard experiment, that any of us oould 4o it is a reasombls
tSiws, but the sxpsrimental results I would predict would be
slcsar to point 3 than it would to three,

Isn't it alse true that you have o use a consideradbly larger
figure for the strontium than the amcuut that astuslly falls
on an arsble sres en & cultivated farm, beesuse you have

to replage all the things that by fertilised system cr water
you have to replace the things that would pass through, so
you're really drawing cn the rest of the world for the

~ T e
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strontius vhen you cultivate a plees of land, These figures
mey be very much too low,

On the other hand, I don't know vhat the scurce of strontium
fortiliser is, Wt they might not be centaminated,

Bat you need to replace certain things that you take out
of the soil. |

If you're replasing though strontimm with wncenteminated
strontiun, this is in your faver,

That is quits true, if you do that, but wvhat if the ferti-
liser .ecee

I don't know, I just raise this questioa,

Most organic fertiliser, and that certainly weuld be from
other parts of the world, and you would sollect the strentiuva
from the arsa vhars you raise the focd, This weuld evea be
trus of sesweed and fish bones,

Sesns to ms that this sort of tiss in with the rather short-
Tange jroblam. Suppose all the future bombs are surfass
ursts or near-mnface burats and then ia the fallout, at
loast the mjor perticn of it comes down, say within 1,000
square niles, You have a tremsndous dilntion fastor whan you
start talking about dividing by the 50,000,000 sq mi of the
earth, It seems tc ms that all thess fascters, in a realistic
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. war campaign, would indicate a very serious hasmd in the

1ccal area, It sesms to ms that problam ought to be treated
pretty much - even for air bursts. We have every reascn to
believe we might go intc surface bursts and you'd get tremendcus

soavenging lceally.

Concentration falls off with radius, You sould easily have
ehanges in consexntrations that would be several axder of
magniture different from scas of the other factors that you
are taking imto ascount, '

eeo include scurees froa other areas. In cther vaprds, the
fact that the stuff falls cut in an avea doesntt nscessarily
maks it a blological hasard, You can prove that by bringing
food sources in from other areas,

Yas, but if it falls all over an agrisultural area such as
the Eurcpean area, and so forth, the plains of Germany axd
¢ther plages, it sesms to me on this figure of this one bomd
thatm-ntionthtmﬂdnthh.mhnamot
50,000 times that you can take ocare of, It’s a lot of these
icose fagtors I'm worried abcut, There is a groblem, from
a Iooal point of view, for a war csmpaign, would certainly
seen to be very well pointed,

One adilligraz per sq mi is what you nsed, That's not going
to be haxd to deposit,
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wm Is ths tolsrance dose fcr say catils the senw as humans
correated om & weight basis?

COMAR 3 We dcn't have any indications of the tolsrance doss. I'm
Just wondering =~ I'1) only say this that Ifve seen some
myumnﬁnmm, ot near the tolerznoe.
I've seen this s year after administration, Cf otwrse, this
my get werse beczuss you'd expect to ses affecis at lov
levelz if you oan hold it a longer tlmm,

MITCRELL: Economically, most oattle ars killad not mmeh over 2 to 3
yoars, sc ve don't have to worry.

KRAMISK3 Vorrying alvut food suppliss probably.

NITCRELL: Youd probably kill the animels long before they had tims
to dsvalop sarooma, don't you think so?

LIBEY: Thess are vavicus Galrisl figures (studies ).

KELICOGH @Rt are thess mumbers?

VOICE: A=bombs, Nominal A~bombs,

BETHE; Klcholas Smith and Dr, Claus - and ubat I just ealsulated

vas 4.10% telerance, and I think & word should not be said.
how to go from telerance to lsthal

10HG ¥ay I interject one question - ia I right - Just as a layman
trying to get a feel for this ~ im I right that your figure
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BETHE:

would go wp from 800 cr 8,000 AT cne spplied this 3/10ths 3
:‘&m.

If oo would, yes.

Then the gensral picture sesms to me that that would ds a
reagenable factor $o put in, is that sorreet?

Yoo, also that there ars cther factors in the opposite
directions.

(Challenging figares on board ) ~ do, 4x10° = I'a scrry -
800 msgatons

Dr, Dethe, there's a Question in ay mind as % vlhether you
used 1 ¢ oavies to get that 800 megatons,

This is cne < curiss and I vant to say a word about timt
this mimte, In the ease of radina we weres told Wy Dr.
Bughsr yesterday afternoon that ons teuth miorocwuris redium
is conaidered the tolerance doge and that pecple hawe disd
from 8 aicrceuries amxl ens person is allve with 40 siero-
curies. So that scmsthing 1like 200 (7) ¢imes the sccepted
tolerance dose might be the 50 peroent lethal dose,

We didn't mention the lathal dose,

You didntt, tut you menticned the minimm and the mexizum, .

you mentioned that one pearson had died at 50 times the
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tolerance dose and that one perscn had lived at 400 times,

One oase of bone tumor, as I recall, was 8 misrograms of
radium body burden,

One onse wvas 1,7 sicrograns,

that is the valus of that ene lady in Chicage — & heavy body
buarden and is still alive, |

Wotve got one in New York with 15 microcuriss and she's had

8o you wonld say that 1C timss the tolerance dose does on
ccoasion produce sericus effect,

Right,

If vo were %o go ecutrary to the intermatiomal agreemsnt and
tock 10 microsuries as the tolerance doss of strontium, if

uniformally distributed, then that would msan that 100 mioro~
m&umuanmmmﬂuchws

ncainal bezbs,

I would like ¢o raise one cther question with regard to the
redium figwre, That is the pepulation risk in the study cases
amuawmazmm,mmmﬂ-
night very well miss ssy 1 psrcent of the 2 billien who have
a mich lover tolerance than these figures siggest. In ctber

e

you oy o
ill." .Auu.‘.‘

26}
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words, the statistisiane will tell you how much of a sample
you would need to catch thess other pecpls, and they wight be
present in a population at risk of the sise of 2 billion in
very oonsiderable mmber, 80 we don't know, I mean that's
scomplately unknowm figure in terms of the very mmll msber
of radium cases that are under study,

The mmber of redium cases is scmothing like 200,

I would say about 200, will you agree to that Dr. Qomar,
M“—chno

Sc you oculd say then that the figure which I caloulsted here
aight indicate the peint st vhich yeu get troubls is 1 par-
cant of the cases. An that would be the definition of sericus -

offect,

Is anything being done about the Japansse pecplst Did they
got any stroztium inte then?

From wvhat?
From the bheading, Nas there any falleut?

Merrill (Sissabud ) bas sows figures that he's not too proud
of,

Ho has benes of an individual of Nagasaki, dut there's a
mnuhmthrmsr%mwl.raub-

ssquently ty exchange of scil containing fissiocnmable
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mterial, Hovw long after the damb 414 he dis - 34 heurs?

There are two sets of sanples. The Pirst growp of pecpls vho
died of leukemia, although they were oot subjected to the
bombing. 7Thay esme in later in s rescus capaoity, sy
dpamsse wilitery, vitiin 2 or 3 days sfter ths bombing. In
that group & mnber of individuals in the Inst two Jears
developed lsukemis. It was thought thet possibly these
pocpls ware subjected to residual rediatien, W wre sent
semples of their bones, Ve 444 find soms trmses of ryeaidual
radiation in thls msterial. It was in the ovder, &8 I reeall
1%, of around a dim par grem total activity, These sanples
will have to be locked at again, Thess my be very |
signifioant sauplas, Ihe other set were Ui alwost com-
plste shelstcns, wbich we got frem Hagaseki, These indi~
viduals vho ware about 1,000 t0 12,000 from the bhiast, were
badly tuned and d6d in about 20 to 24 hewrs, They ware
Irnied not in the eccamcn grave Mt in the same looality,
These bcdiss wrs axhumsd about a yeer ago ani material
sent %o us, Those ass ssssy from 10 to at most 100
dizintegraticns per simite per gram of stroviiwm 90, It's
vary pussling. Ua*ve seut for soil saaplss from these
graves, Ii's very posxibls that there may bdswve been fall-
out have, ‘

Dr. Comar %014 me this mcorning that 1f they ingested the
8% in vater you oculd expsct & largs fraction of what

.i”-—\ --"v-i
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vi:m:

LIBEY}

LIBRY:

SOIOMCNs

they ingasted to be deposited in the bone in 30 mimstes. On
the other hand, if we consider ithe fresticn of fissica produsts
they would have to ingest to shov at this tims, it is in-
oconosivabla, Ifs very pussling but there was definitaly
atroztium 90. W ran a large mumber of ecntrel benss and

they vers negative,

This wes an airplans too 90 the looal falleut was quite small,

There was encugh residual snl radiatien srvwsd Nagasakt to
soccunt for total body doss for around 3 roextgens. I don't
know whethar these people ware in that part of the city vhere
the residual rediation was high or nmct, These daia were
based on srveys Yy Stafford Warren and Shield Wrrea 30
days aftar the hlast,

It wuld be very interesting to examine the scil in that
greveyaxd,

You asked vhether amybody ever amslysed the stromtium 90 in
the soil. e have found Sr°C in the seil,

hat are the asmunsticns on the cther twe Galwriel figures?
How do they differ from this?

Dr. Claus assumed 2,000 mlercouries bedy burden as the
lsthal dose, Although he assumed a much largw figurss

bere than I have assimed for sericus effect, larger My &
faoter of 2C, he oomes out vith a smuller mumber of bombo,
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This is obtained by different assumpticns, samely assuxptions
of the sort that Dr. Mitchell menticned befers, then you
assume that certsin percentages of the stromtium in the soll
gets into the body. It seem to me that it is mich wmors
reascoabls to talk about levels (7 ) that is that strontiva
90 1s a certain percentage of the ealsium which you have in
you, And I think that by talking absut levels rether than
taliing about peresntages of the s0il getting inte the body,
you will arrive at a nore relisbls figure, Ko matier whether
ar sot you take isto aceount the colleetion faster of IC as
wmmwnm'ammfmxmmm
a more reliable figure %o go with 10 mferoecuriss,

WTEE
(eontimed )

RnaMISH: There is siso & factor of 2=1/2 1z the el Gabwiel yeport
whish we would 1ike tc isciate, w can't emastly find oxt
vhy, They assumsd this is the case,.

VOICE: This i{s Saith?

KRAMISHS Tes, all of the pecpls, in uriting the old Gatziel rveport
assumed 2~1/2 grams of strontium par k§ of bDomb., ALl
throagh the report, this ve have been wmble to £ind the
reason Wy, we are assusing 1 ga per kt. Ybs,

LIBEY: I think thers is confusion here about what fission yisld
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CLalB ¢

1IEBY s

KRAMIEH s

LIBBY3

N

Alsc, it wes pointed eut ty Tellsr a ocupls of ysars age at
coe of our discusaions that whatsver appears in thess things
uampzy'mmmwmkmmmmmm
oarried through up until the tims Tellsr ealled attention to

ths exrors.

Thers is & factor of 2 there if you misused the definition of
fissicn yleld, and I think there is s alight other fastor
there maybs on the mmber of fissicns per ki that were used.

This merass of uncertainty I think is the strongest possibl e
umntfw%mb@mmﬂ@&tm

but also biologioal, Is there any feeling on the part of amy~
ons in the houss that w should not shoot any mcrs bombs until
ve find out? This, of eourse, is very importan comversation,

I think it would be very interesting to take a poll - a
secret Dallot = just to pet an idea of the feeling,

I dentt think that's a guod ideas,

Bnts arguaent (s vary convineing -~ that is «~ a factor
of 1000, '

It 1s an interesting argamnt, Rausuber that the ooean is
groat csaspool and the matiural thing is for the ocomtinents
tc wash into the sea and the strontium will de deposited
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LIRBY
(contimued )

CIAUB:

LIBRY:

CIAWS

93

in the limestons eveutually and we don't know how fast this
ocours, 50 maybe things ave all right, tut there is a way

in which radicastivity can be taken cut of the life qycls

and that {s by putting it at the bottom of the cosan,

There is & point that I would like to call attemtion to
that hasn't been mentionsd yet as far as I loww, I fiad
it vaoy diffioult to get eoncarned about what's goling to
lapputoth.wrmlfwcnptmcmmw
bombe have to be discharged bafore we san reash pessibly a
saricus level., On the other hand, if pover rescters come
into being in any appreciabls amount we vill have wery
sinsable amcunts of fissfon products auvd T ence mede a
caloulation which may or msy nct be abeelntaly ecrreot -
that in only 100 days, if we were to furnish the powver Te~
quiremsnts for the United States in 100 days we would have
used up as mmeh fissionable material as wre involved in
10° nowinable bezbe,

That scunds to ms %oo high,

That may nch be absoclutely correect, I want through the
figures & time or two and didn't £ind axr error iam 1%, but
anywvay scasthing of that crder. It will mot take an awful
1ot to ereats a tTsmendous possibls hassrd in terms of
f1ssion products if they sre inliscretely distributed over
the sarth's surface.
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I.tBB!t

CIAUS:

GI._llB '

CILUS:

HOIDEN:

CIATS:

VCICEs

“

Yos, but my goodness, you certainly wouldn't do that,

Nothing has o be dome, ut they are going to remain on the
earth's surface and they are not going to disappesr for an
svfully long time, And I think the resnlts of stuiies of

this kind will have a great dsal to ecntrilute to owr fimal
detarnimations of what to do with wste pwedusts from such
things as our resctors on & large soals,

Yes, wo sertainly do want to dispose of them ad mot l1sd
them get looss, but this, it seexns te me, 18 20 an axtremsly
41f2ieult prodiem,

This is quite a sericus problem., The question of sea dis-
posal 1s one which has cows to the fore many, mny times.

I still don't ses iy you can't xix them up in oonerets and
1ot 1t solidify and drop it. Doesnt®t it lsach out?

Itts Just not practical in arge quantities,

Ave there significant amcunts of strontium 90 relassed from
resactors now?

Bo, it's in the fission produst. I don’t think it's re~
lsened into the air,

What about chemical processing for recovering your unspent

fusl?
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HILL:

BILla

that's done with the long=lived fission products - do thay
run into the Columbia River?

No, as of mow all the ooncentrated czes are stored in tanks,
bat they can't keep on doing that indefinitely. It's an
sctremsly expersive proposition,

Is the stromtiva let ocut immediately?
hat goss off in the sclution,

Bt in that case vhen Iat the
strontiim ont too.

It 1a Beld Lsa't 17

It is decayed slvesdy. It is nct let out immdistely (chatter)
and that strentinma is in solution and is resdily available.
¥, Thais, Viat's the 1deal way te dispese of & buclet full
of strontium 907

Wll, you know sbout the experiments at Brockhaven. (ohatter)
fission — laach the fission products off ea Wilamite

and fusing 1% and changing its mineralogle eompeiiition snd
rendering it relatively inert, tut this Y think, Pr. Claus,
suggests deep disposal on Jand as weli, Twre is scas queation
about that tut I think it might be feasidle, I think, I

don't know, the best vay of dlsposing of the material - &vy
mines have been suggested,
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LIanys

ClAUS

YCICE)

LIBBY:

YCICE:

—

1 think that strontium eculd be gotten intc limestons and
be pretty safe. Cf course, the cther fissicn products would
oot mecessarily be beld ut the strontium weuld be held,

3)

mu.umwmmmwmnmuambt
then it wenld De easy encugh to put it inte concrete and sink
it,

T was hinting that since it is the coe we're acst afrald of ~
perhaps we shonld use the disposal vhich wuld take ears of
the strontium,

Tou meen put it into linewtome?

Insars 1% lato limsstons ~ I'1l bave to defer to the
chemists 88 %o how rapidly that process would taks place,
but I'3 be & little Bt afraid imasmch a2 water moves most
rapddly through limesteons, |

It might be well to precipitate it, puwp it in, or deponit

it, but I think the great bulk of the llwmatons as protecting
4t agsinst lsaching asticn in water, the strentivm is less
soluhle than the ealaivm,
TELIECRSRXERENNE

vt ke yey 0o

[IREAYE I 5 INY YU I R v

It would be chesaper than putting in in the cesan,

>
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LIBBY:

YOICEs

Claus:

LIBBY:

CIATB ¢

N 4 |

CIATS ¢

LIBBY;

Ho, it ssens to me the cosan is the idsal place. st to
take {t cut and dvop it. (chatter)

At 1t into oconerete. (shatter ) = in conerete blosks (or
alk? )

Thatts nct prectieal,
It lanft?

Well, weuld you object % fust pumping it down fo the cesan
deeps in tuik?

You can't do that = that's not jweotioal ~ (chetter)

The comparabls price for dropping blocks is wany orders of
mguitudes wre drop it and Iat 1t fall dowmn

three xiles and lst 1t stay there,

T™hs other possibility is to spread it over apprecisble areas
of the ccean's surface st not great depths, that would dilute
off pretty fast, then the question is ~ you have got all this
stronting in ses water = will it work back on the land one
way or ancther to e a hasard?

Vell, there is amcther question tco vhich we haven®t hecught
out here - and that is = if you distwrd the plankton, do

you disturb humsn lives? Of ccurse, the plankton are pretiy
durablc as faxr as radistion is concermed,
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CIATB ¢

BILls

LIBBY:
HILs

KULP:

HILls

YOICKs
VOICEs

- JOICEs

YOICEs

VOICE:

X

Troa studies made so far we don't belisve that we wonld dis-
turb sea life sericusly Ly that amcunt of material if ve can
got good, reascnebly good ~ dilutation within a reascnable
smcunt of time,

You don'™t have to go very deep before you get out af the area
vhare there is much life either, do you?

No, that’s true,
Itts also avfully slow mixing,

How mich would it ecost to pamp it below say adeut 300 a?
I don't undsratand vhat the great oost is of making econcrete
blocks,

It depends on the dulk thst you get yer fission products
in, At the presont it is pretty big.

A concrste ball would certainly fall.
Pentt you contemplats & strontiun separstion process?

No, take the whols thing and sy it is pure strontium,
since strontium is the bad acter,

%ell, it is probably sheer bulk,

Well, of ecurse, they have the solutions, thatfs right, amd
they have to evaporate them or else thay oouldn't put them
into ooncrete.
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HILL:

CIAUS

LIBBY;

ClAUS:

YOICB:

ol A
-~

e

That would take a lot of ealories,

Well, even as of ncw they evaporate dowa considerabdly.

Is thers encugh heat to do this in the pile to De utilised
to do the evaporating?

I would think though that the waste is full that might be pre-
dicted on the assunption that the strontinm is the thing te
be most gareful about,

Well, that's one thing that we'd like %o find out, and I
thirk we eould get & lot of good guiding evidence frem &
study of this kind,

cesccses 508 how strontium moves if we did put it into the sea,
These dats may tall you how stroutinm acves,

Well, vhat is there against burying it in desert country and
inte within interior draimmge?’

It wuld probably be negligible after 1000 years, ve aren’t
worrying about the next geological era,

I must say that I'm considerably more afraid of an atomic
var than of powar reactors and I think this is ratber evident
from the figures that we have writien devn here, axd if you
sy that a 1000 msgatens veuld give the tolsrance lsvel and
if you say that MIKE made 10 megatons, you need caly a 1C0
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BETHE: of these to get tc the tclerance lsvel ...

(contimsed )
CIATS: MIXE megatons weren't all fission prcducts,
ZETHE: Well, mers than hal® cf 1t was,
BILLs It've used the figure 2/3.
‘scovxma In MIKE shot only 1 percent of it ever came down that so far

has ever besn found on the eartht's awrfaoce,

BETHE: That is true, if you oan rely c¢n the fractionaticn that
cnly 1 psrcent ccmes dowm, then that is an entirely different
atery.

Lt Hln,lden'tthixﬂcthatmmbhmalonxtmmid

ccmpared with the helf-lifa, Itis still ccming down
according to Elsentad,
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RILLs

KELLOGGs

HILL:

KRAMISH:

BETHEs

| ORIOGSs(7)

ol

¥e have to remind curselves too, that in the estimates we

made on the overall fallout for iike, there was this big
wcertainty sbout the posaibility of falling out within e
faw hundred miles,

This assumption you can't forget,

uﬁhumu:pwmxmu. and this few hundred wiles
is still over land, Imﬁdwmtngwdpuubﬂny
uu’mumwhmmm.mummm
woabares within a few.hundred miles, |

On the other hand if it's an air burst it wouldntt be bad.

It might not be bad, as an exercise, to ahoose the worst
possible conditions and ses what happens to the expected

tolerance,

If woe believe Magests theory of partiols aise, ihe particls

sise should be larger for a large bemb, If it is larger for
a large bomd, then we might get quite an apprecisbls peroent~
age of fallout, even for sa air burst, within a few hundred

wiles.

What kind of predistion does this mske on the change in
particle size?

I% makas & [rediction that the possible sise is proportionate
to the tize scals,
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BETHE:

SOLOMON(T)

LIBRY:(?)

SOLOMON:

TOICE:s

EISENBUD:

ERAMISHy

slehih
aiii—

Edward made some statements about it being 6th root of the yisld.

¥oll, ws count on Scoville's mamory, st lsast it sesms to be
a 1ittle more than the 6th root and & littls less than the 3rd
root, It's presusadbly, perhaps five tines as much for MIEE a»
4t is for standard bdosba, Isn't that about right? Twenty
seacnds versus three seconds.

would it be desirable for us to suggest & dalxy in future tests
wmtil you can get soms better evidencs,

We must get busy and work these sauples, I think the fears and
worries of this group are a very strong argusent for thw
government's collecting these samples. I don’t think there's
be any useful purpose served by taking a vote or writing down
formally, but maybe it would, I deam't think se.

Certainly the pilot ssmples would be enough to produce most of
the undertaintiss {n sy calculations.

Well, I don't know, that's pretty hepeful, I'm afraid...you
don't inow what you'rs going %o find.....ve may gust have 0 ..ee
1ike, ook st this sknleton over here.......My gosh, who would
have guessed that result? Ml of Sr¥0 in Swenty-four hoursl

The skeleton has detwesn 10 snd 100 dpm,

Are we raling out complstely the inhalation Razard, Wa are
sventuslly going to have a contimml &rip of this stuff in tha

SR DOE ARCHIVES

3

ngﬁ T

L



K\ .ISH:
(continued)

- MITCHELLs

YOICEs

ERAMICH:

WESTERMs

staosphere. I'm wondering if we shouldn(t consider this...
No, I'm thinking of a mechanism that Dr. Mitchell mentioned,
retention in the hinge, what telersnces we can axpsot of mt.

1 have those figurss, but, I also have to have that as poesible
socumnlation in the skeleton,

Yes.

Dr. Westarn has Desn making some caloulations on this for soms
time, mmumm.moooo.

Could you maks & few remarks, Dr. Western?

The inhalation hasard is very diffioult to estimste like all
these other things. One has to makes sny nuber of assusptions.
omormwmamxmmnmuwmmh
the problem posed by Dr. Wexler sarlisr this mornming, that if
the stuff cams down in rain primarily, or whether it comss down
in the air, If it comes down in rain I don't think you'd brsathe
very manch of it. If it comes dom in the dry air primarily, I
think you'd have a very good chance of btreathing all the material
that we consider being smsll enough to be drifting dowmn over
long periods of time, #o I should like to say in pessing that
it would be of scwe importance to determins, in establishing an
inhalation ha,ard, whether it does coms down in rainm, or
whether 1t comes down in the air,

But if one makes some broad assusptions about what the
behavior of the stuff is after it enters the lung. I assumed
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(continued)

VOICE:

WESTEREN:

that ons might retain about 5%, retain in the skeleton about
5¢ what it inhales, and I get an inhalation hasard representing
deposition in the skeleton of sbout the same order of magnitude
as I obtained by making assumptions somewhat saimilar to those
which have just been disoussed from the point of view of
indigestion, I have a faotor of difference of 5, I believe
these asswptions uwp here assum only exchangeabls caloium
don't they? Isn't that right, didn't you use a figure for
exchangeable caloium up here?

Yoo,

And the figure I had was to corruospond more to the total amount
of calotym 8o on that basis the inhslation hasard is roughly
about 1/5 of that indicated hers. We are talking about the zame
type of hasard so that the question of what is tolerance does
not enter in, I might indicste also that if one begins to
sonsidey the inhalation hasard as being relatively nonimpertant,
az ons aight if he finds & certain nmmber of processes take
place, preventing the stuff from being picked up by plants.
Experimsnts of Dr. Larsen show that in time there im an
unexpected cessation of uptaks sc that the inhalation hasard
might become relatively impertant, Then one also might want to
considsr the hasard due to Sr, It 1s commonly assumed that
what is inhaled is in eufficiently small particle to be soluble
and gets to the blood steam snd is deposited in the bone, We
don't have the factor of safety hero/that ws have when we talk
ebout it coming to the body through the foed nljares we

_
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{continued)

have a compoundsd factor of low uptake both by plants md by
the body. So that on can’t pule out inhalation hasard. As
long as I have the floor I'd also liks to ccmment en Colonel
Holsman's suggestion that we aight well be interested in |
highly concentrated fallout of rain the use ¢f surface bombs.
If ons assusss that the material...that ons is wsing a swface
bosb, and the material falls out within a period of three or
four hours, one may be interested in the demial of the use of
the land in the future, But a rongh ecuputation indiostes
that the primsry hasard to a population living in that ares and
more or lass staying there is from external radiation rather
thmtrausmthinglmmu. The same smount of material
that would be required to give tolerance effect which was
computed up hers would in the first day give semething like
2000 roentgens to an unprotected parson on the aversge. If
the material wers uniformly diatributed over an ares that you
would have ths mmber of curies of strentium to give this
tolarance effect, whatever that figure 1s - it turns out to be
about 5 curies per square mile I think,

ummum.mum«m:-mmm
radistion is sufficiently high at that cemcentratiom that about
2000 roentgens would be ths external rediastion of an
unprotected individusl in an open area snd during the first
week exposure would be about twice that, BSo that I think that
in thet particular case, we probably are not interested in
strontium or in inhalation hasard,

- s - -II K
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Lo a¥e

WESTERN:

VOICE:

WESTERN1

KBAKISHs

Yes, but Dr. Yestern, if you do that, doesn't it mesn that

particular farm produces lethal vegetables from then on...?

¥aybe, Fell, ths point of the question is prebably mere
serious for the bomding of s large srea. If we are talking
about where the number of bombs becomes serious, Zhe only
point that I'm making is that if you use surface weapens over
a farily large area, we're not going to worry perhaps too much
sbout what might heppen in tem, tweaty, ar thirty yesre.

What 4o you mean?

Well, no, what I'm saying is if you producs the smount whish
would give you an aversge concentration of strontivm, and would
produce a tolersnoe effect, and this, of course, frem owr
picture would require from ten to twenty years to sgoumulate in
the badyj this is only a tolerance effect, If the bones were
laid down in such a way that the people who lived in that area
wers subjected to the fallout beginning within four hours of
the explosion they would, during the first dsyi get somsthing
1ike two thousand roentgens, if they wers umprotested in the
Mmmmmmm-dﬁmm SOIM
mmtnamumm«.nmrmﬂnwm
strontive,

Rell, I think one factar to consider is the ratio of the number
of people oultivating that area to the number of people
dopcndmtwmpmducuormtmg,mmmguvmm
that areas, sud I rather imsgine in oertain agriculture areas this

ratio is rather high, —
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Px;;ssm’:
VOICE:
PLESSET
KRAMISHs
BENHE:

WESTERN:

LONOCy

Well, what he's ssying is, 1f you Kil1 all the people in that ares...

In that area, but I'm worrying about the pecpls who live off of that area,
NHot so significant in overall hasard as the primary lsvel,

I think it might be.

¥e can evasuste the ares, and then the story is that they can't return.

Well, to snswer your question, Armcld, One 18, cesseccowoll in
the first plice, I'm talking anly sboud telersnce consentration
of 3070 as compared to extremely high conesntration of external
radiation, md second, if you ars talking about localised aress,
you have two possibilities in case of warfare, Ons is that
yeu're going to uss it for sgricultural purposes that you can
devote it to produsts which asy de less oritical than other
products, that is, thers are & nusber of pomsidilities of deing
shle to use it productively at a lssser sverage risk than we're
considering when you have the whole country uniformly contamine
ated, And another is that if 1t is a small area, in general the
products from it, if they're used to feed a large population
will be diluted with products from othsr uncontaminated aress,
so you get soms factors of safety there, and as I've already
pointed out, you have a mumber of years to work this out aftar
it happenz, and you ¢an do quite a lot to allevists the hasard,

Now, there's ocne fact that I was curiovs to ask about, I got
the impression that in Mr. Dethe's caleulstion, thatthe
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{continued)

 LIBBY:

LARSENS

b

assumption is made that all of the strontimm 90 which falls on
the ground is available, Ons knows that soils have rather
pronounced sxchange charactaristics..l.can one gueas,..s0 that
I wonld taks it that this is a rather pesaimistic assumption,
and I was curious as to how pessimistic it is, Have experiments
been dons in putting strontiwm 90 into ordinary scil and then
finding out what is available?

Thatts what you're doing, ima't it, Dr, Larsen?

Yes, Ye have been looking at variouve ehots, and the one piece

of data that is most complste igfn the underground, whick, as
most of you probably know, is about a 1.2 KT. What we did there
was to tske soil flats from California soil representing § inches
in depth, and abeut 4 #q. feet sach box was in this dimension,
and we distributed this over the territory of predicted fallout,.
We cams back with hall of what we hpd distributed as contaminated,
which we ocould measure by survey meters, I'll take one, which
represonts one of the naximun activities to illustrate what we
found, We had 196 aicrocuriss total murface activity on 12/17/51,
and we have growm 5 orope of radishes consecutively an that and
the observed vslues, for exsmple, On Jamuary 15, 1952, was 16.9
disintegrations per second per yram of plant dry material. The
last orop came off in 9/19/52, of radishes, and this read 1.L2.
Kow the controls that we had growing on the same seil, dut
without any contamination, read, in this crop 1/15/52 series,

it was 1.69 d/a/gram and over here 9/15/5% we were getting about
2.

S
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LARSENR:

SOLOMON

LARSEN:

SOLONON
" &

LARSEN ¢

YOICE:

LARSEN

Can we have scms of the intermediats cropa? Say July?

Yes, observe...this would be 4/15/52 reading at 9.2. At 7/1/52
we are reading 1,3, snd the fourth crop was harvestsd...this
is reading about 2,6,

Aren't your controls just the thing we're trying to measure?
T mean this represents the fallout that hasn't besn
frestionsted in any test,

The controls supposedly have nsver received smy fallout,
because they were collsctaed from San Fernande Valley,

Yes, but if the stuff's leaking down all the time.
. therets -
gh, but thawés radicsctivity from matural scurces.
ch, yes, youtve got K-42, For all the potassiwm $n the world
you have 012% that's racdiocactive.

Tis was bafore ¥NIKE.

You have rubidivm, shich is natural. You have the wanium,
thorium seriss. You've always got that to contend with, and
any time you fertilise, why youtre adding radiosstivity., Now
the lacdine clover wes added or planted after we finished up
with the fifth orop, and we tock five crops of that off, and

I bave the last bit of data which same off on Wovember 29, 1952,
I beg yo'r pardon. Just this last month, And the contaminated
flat was 1.86 dps, the controlled 1.6 dpe.
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M1 CHELLsS ¥as there any final assay of the soll after you got through
harvesting ths crops?

LARSENR: Yes, we feel that quite significant quantities sppesred. I
don't have the figures with nme right now,

BEYHE: The 196 microcuriss wers distributed over how?
LARSEN: Your square feet,

MITCHELL: How do you sccount for such & large drop from the first crop
' $o the last one if the radicactivity in the soil is meinteined?

LARSENs ¥Well, by decay curves and energy curves, the anly thing that
we have besn sble to pick up here is Strontium 09, It has
been a selective absorption, Fif spparently., Wow we know from
other arop datg that we have done where we have taken soils,
agricultursl solid from throughout Califernis and New Mexico
snd contaminated at the rate of 100 disintegrations per send
per gram of soil, thers are 1500 grams to a plot. I can give
you some idea of what happens here, Om the Strontium if we
take the soil to the plant end we also %y to cover this up
with the animal feeding, thare sre 100 disintegrabions
initislly per gram, The plan in the leaf materisl which the
besn was the most important, the barley was the lssst importamt
and had 1420 disintegrations per second per gram of plantdry
naterial and if this plant wers fed to this animel our
sxperinents have netted 280 4 per s retxined this would be of &
dose fed., In other words, I got these flgurea from another

~e
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LARSE:
(continued)

Uy

experiment we did. 1.8% of the Strontium is retalned from &
dose of 431,000 4 psr s fed daily over 17 wesks, Plant dry
material grown on contaiminated soil which would give an
sverage daily feeding of sbout 2700 d par s, that iz plant
dry material, Cesium is the lsast important, cerium is
negligible, mthmimm‘boiuportmtmm'h;m
actor when we talk about the chemistry of it may st as &
cation or an anion., We have studied the fused asterisl from
trinity on this sort of a thing, &xperimsnt, sad we have taken
fused materisl from Shappsr 7 and fused material from Upshot 6
and in each case all we oan do is to put down ndl wpteke.

At lsast the instrumentation that we are working with and the
techniques that we have used on our research work, as we call
it, using those same studies or compariscns coms up with this
valus, Now you may be interested in what kind of aotivity is
immediately availabls to & plant on detomation, On this lmst
seriss out ehere we, slong with our fallout studies, we
trapped animals, the native rodents and shot the jackrabbits
that asre in the field. We had good fortuns in that there was
Upshot 2 went in the north sasterly direetios snd was not
recontaminated during the period of our stay in the field, So
we did serial sampling on it, In addition we had sampled
that area in October '52 and November...I wean September '5l.
You aay be interested in some of the things we found on that,.
Onﬁhcrnbbiuddlyplula,dplu??,tndkdplmjidlyﬁ
The casium, lung, liver, leg muscle, and femur,
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KELLOO)

LARSE¥E:

YOICRs

LARSENR:

Would you define the casium?

That is practically all of the GI tract in the rabbit, The
biclogists object to calling it the GI tract. ¥ow thess
figures @ am putiing on the board are dxsm:ms par
minute, per 100 miligrazs of ash.

(chart should bs ased hers)
What was the initisl date?

It was Murch 2, I believe., Sinse we weren't such good
marksmen in 3sptember 51, I couldn't sample lungs. The
previous work has all been head shots, If you are dealing
with a larger bomb and more activity drops down here yowr
activities are going to go up, btut they still held that same
general picture., If you plot the desay curves of say fér
examplejfthe activity here snd of this ssmple you would find
that the slops of the activity will approximate the slops that
is represented by this decreass., The half.life us was last
told or menticned to me ap sbout 32 daym. 1 have scke other
things that, if I mey back up tc what we were talking about
this morning on partdols sises. Tt appliss to what we are
cbsarving here in the lung. Ve were able to determine on a few
of our air samplers this time the asctual particle sige that was
on the air path, This was done by a technique that we have tréed
to adapt to turbidimetric sise amipeis on the actual msmbrane
filter and we find that about fifty psreent of the activity is
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LArSEN:
(continued)

s~

m i

lass than g half a mioren at 43 wiles of the sirborne material,
Now this oocurred on a sample that was collsoted at two to |
four hours and the same picture held at six to eight hours.
The soil gample collected 2L hours after debonation in this
same location had the maximum activity in the particls sise
fraction of 175 to 350 microne. I sort of go along with the
idea thst if we study intensively what can hsppen in the
first 200 milas after detopation we ave going to coms up with
moat of the answars that can de spplied worldwide, if you
will, or at least within the U. 8.
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KuIT LAZSONt

LIB8Y:

LABSORs

S Pl

There may be sone question with respect to ibe charsctere
istics of a particle = you hresk it dom to that in close
versus thet whioh goss out to 2000 milsse Bub I think this
oan be ironed out between the program that Elsenbud has
and what the off-gite psopla have been doing &t Rad Safe
snd what Los Alamos has besn doing snd what we have besn

dodnge

If we cam find the tiue, ve're guing to Wy 1t

It osrtainly seens to be very important, I notice you
finding strontivm 893 now strontium 89 has the sms dusty
chararter aa stroatim 90, IS also has a laypton precursor
that osn only be chenfcally availahle, #e it sy be
selsctively sbhecrbed in your redishes, ot Deomure of the
Mammm,miummm
rest of the fission produsts are held beck phywicslly.
this is what we are hoping % iron cute IS will be most

intoresting to see uhether this is 0.

We have work going on in clay fixstien that iz & study in
strontiumn, cesium, certum and ruthenive protlems snd we're
not only godng with yespect to the umsl definition of
clayification, but ws are using a blological indicater to
prove whather or not that fixed se~called frection is
reslly, truly fixed with respsct to tdologye |
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LIBHY: 1 think your report is extremely {oportant e larson, that
i, 17 you could possilly nanage to measure strontium 90.

LARSGHt You see, a pro.ram like this, DIr. Libby, we call on all
contractors to send us people plus militery people and we
wind up with something 1ike 58 or 60 perscmnel ocut thare
in the field, when we et all through with the fiald job
and come home, there are only two people who have the Jjob
of analysing all the data that has been collectad,

LIZEY: It's poszible you ses, I think, to st scowe cantractors
1o measure, I've boen hoping that some of these conmare
cial conparries would start messuring - maiking lowelsvel
messurensents for & charze so you could send a sample %o,
say Tracer Coampany I,and get a measurement of it at real
low level for a price, or else have aquipment which you
can buy, or give this service so that 1t would be pos~
sible without having to do it yourself to get & lot of

measuresonts mads,

YOICE: You know, your sazples are probably not very low level.
KRANIBH Ire Western, would you like to have the flowrg
WESTE s I waz nmakinz & rental calonlation s moment ago while I was

talking and I wes trying to coordinate ny data with the
values wiich r, Pethe had come up with on the bosrd and

V ST TYaag
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LIEBY:

I
I zot ons of my factors inverted; let me nale & OUXTGO=
tion on coe of the statewents which I hed made, I should
have said that a valus for extarnal dows of materdal
rmmmmmmmm&m.amw
about first as being a tolerable dose whish I think was
8/10 microcuriss por sqe mi., I using ooe adorocurie por
square mils here as being essentially equivalsat to it.
The axternal dose as the metorisl falls out within 4 hours
1s the integrated doss aver s long peviod of time and is
20 » (not 2000 ») and af whioh half (of which 3/20 er 6 r)
the first éay and 10 r in the first wesks One curis par
square mile would ccrrespond to this accurding to the oale
eulation which I had made previously snd hswe oo paper here.
I got ams of my fractions inwerted in meking ny mental
oalounlation,
If you want to go up to what be considers as perhaps being
dangerous there, you would have to multiply thess faotore
by 10,000; then you sre getiing up to the pednt.

Conslder this point: In France shether you fight this war

m:«#mmﬁmm,mdnﬂhm;
but then, are the fayms ruined? In other words, X would
say 2,000 r, total doss, would be something liis a Sactie
oal use where the bomb comes pumping into the ground and
axplodes low over the troors, 70 get that kind of cone

“
_
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WESTE N3

COLe. LULEJIANHY

by 294"

taminstion of the ground (100 times this 2000 ») then would
that farm be rulned?
1 think this is Col, Holsmanfs point and it's a very

interesting point,.

Wall, it depends on the interpretation of the date which
Dre Bethe had on the bosrd, If be puts in a facter of &
hundred, then we would say that the large wrsas of that
sort, we would warry sbout \bay,they sight get results;
if they me very sall aveas, wo =ight be able to use
e for semething,

8ir, in that respect you might be imtarested in this,
Thére was just ons cave of fullout which we olaim now
cowered 2500 aq, mi. and wo think that frem thess oalouw
lations it dapouited 2 curies of strontium 90 per square
rile, which would make it scmsthing liles 2 o 3 microcuriss,
and the dose rates informally caloulated would be s he
indicated hee (something like 60 r infinity doss) howewer,
the reality of the situation in msaswring, this is en
actual ease, At the asximm thers was nething ever 100
roentgens infinity doss, Eere is s situstion where it
falls out and you do get perhaps 5 roentgens if you live
outaides the viginity and yot you do have 2 suries of strune
tium 90 per nq, ml. m,mumh;ummﬁm
there sud you do put populstion in, is St possihle thot you
mizht Just stir up dust by walking sround and inhale a

m
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PLEBSET:

LULRJIIAN:

FLESSET:

GRIDGSs

LULEJIAN:

~x.zam

LULEJIAN:

portion of this so that 1t might be & hasard locally se
we would liks to more or lsss disband in this case from
Col, Holzman's point of view and actually ask the conw
ferences that in the absence of injection and in the jre-
senve of depositing a lot of strontium 90 par square mile
looally in a tastical situstion, is there mny hasard?

HBow is this 2 curies per squire ails ohaerved?

It was calculated from sn sbeervation of what was depow
sited in the desert.

In other words you were asswming that the nexmal gross
fission products . . « Well, then shouldn't the smme
reduction fsoter or something like it be & part of 2

curdes per square xile?

I want %o find out what this in , . ,

I8 should be 60 r infinity dose ass calculated Yy Dr,
Western's point of view,

But you've goti a nev gquestion: -'anmmum
vegatation, 45 1t still dengerous?

In the abeencs of ingestion in the ttmorey in wgetation o
snimal there is hasard £ we put, in this case 2 curies of
strontiuvm 50 per aquare nile; dut tomorrow, 4L we haw a
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LIBBY

ICLEJIAH:

LIFNY:

LULEJIANS

LInsy:

JUCHEs

war and ve do sctually shoot a lot of bambs (possibly

multiple aropa on one city) this might ;v up, say, oy
a factor of 10, and yet no vegetaticny is there a
jroblem? In thie case it must be the inhalation
hesardy we don't eat the dirty you misht treathe it.

« o » how the Japanese atudy strontium?

Yo sir, that's a different problsm. I don't sse how he
cot residus) activity -snticned in view of the air

drop » « +» I don't guite understand thate It could have
been o . « It doesntt come with ocur exparienoe in the
domestic zone, I can't undersiand 3 roentgen lifetinme
dose, And incidentally, this is & tower drop and in a
surface, of course, you would releass 2 curies of strou=
tivm 90 per sguare mile; there will be othsr foctors,
however, You wourldn't cover 2500 square wiles; you would
more likaly cover 100 suuare miles == it will be a smallor

areg.

when you walk around on test areas up there, do you wear

naska?
I dentt.
Do they evor messure ihose masks for activiiy?

Those who are working in arecas that sre dusty und have a

u mE ARCYH
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LDEN

"o QUIlM,

¥ £
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checked, and they might be quits high.
Is the dust trapped in charecal or & paper disk?

I thiok that Cole Quinu and his crowd had quits a 1ot of
those filters in conpectian with the operation.

Some ol the HRDL persomnel, after the underpgreund shod,
went into the test ares to recover smples and thay had
respirators issusd W test personnel and when the res-
pirators ware remowd you oould ses about 20 m r per hour
by aostrll prodiog,.

The matarisl would get into the nostrils when you're
wearing those respivators -- net through the filter pads,
but comes iato them by lsaking around the nowe beosmass of
osrtain facial contours,

Concerning this strontiumy If you ot 1% into your lumgs,
wuld it b in your body? Would it be metabolised 1f it
were soluble?

I think that whatever it is we actuslly vetain, it is aot
axhaled in the next bresth cycles. IS 1s, for all intents,
soluble material. It will soon be transportsd to bons, snd
that vas & point that Dre Comar trought outs that to

imhale strontium in that finely divided state is geing to

snundin
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SCOVILIE:

BUGHER ¢
SCOVILLRs

BIGHER ¢
SCUVILLE:

BACHEL

LULEJIANS

BACHERs

LULEJIAN:

hcwbum.y;mmhlmwm.

In the Jan;le underground shot they had animals exposed
to the padiation whers the total dose was scmething like
2000 r, and they sutopsied those animals and found not
even spproashing a telarance dose inaide them in spite
the fact that such tremendous guantitiss of dust ware
found

Thope were the shesd you are thinking abouts
You, that's right.

™e larger perticles would tend to be pulled out in the
pasal panmaged,
5till they hed large @sounta of dust in the lunz, Thero

weas no aoctivity.

I Just nade a 1itile rough horsebeck caloulation hers
indtoating that you would have o taks up about 10
Iilograms of thut dust in ordex to get the tolerznce dose,

Did you sseume & dertain sise of dust?

Wel), T semme that you nix this uniforsly and thsb wisn
sou kicked it up you mixed 1t up in, ssy, sbout a 1{2 a
centimeter dosn, This semsed like a scrt of « . «

In other words, the cnly way to pet the strontium dowm

4

1

4
v

TOEARCH

¥
[

s



BACHE s

KRAMISH

QRIS

BETHEs

)Y
Y

AR

would be to sat the wegetabls o aineral, You'd have %o
eat 10 kilo;rams of dust, That's the gquestion I wanted @
ask, and yet 7outve answered that it doms really sclve the
problem, I'd like to jet together and caloulate it,

M.mm&itnmmmww.

Ave there any who would like to make what they coneider
absalutely inportant coments before the conference
breaks wp?

I wvas out this morning whils Dr, Dethe was tadking, I smw
thet the ratio of tolerance to serious offascts as put on
the board was different iy & factor of 100, Yesterday we
wers talking about & fector of 1000 for this sams ratio md
I would just lile to ask how this basis , + + We cullad it

lethal yesterdaye

The argument for this was; in the cesy of radiwm, that
1/10 of & misrocuris is considered tolsrsnce dose and l.h
had in aoe case given sericus effscts, (ne cass out of 200
cases, Tuls iz anly & factor of 10 Jow I threw in an
axtra factor of 10, I think sgainet the potest ef Dr.
Bugher between ryadlum axd streatium to sooount for the
difierent effect of beta rays and alphs rays, that 1t was
oy contentiom that for strontium unifornly distributed in
bone you should reslly consider 10 aicrocuriss as the
tolerance dose in order to be consistant with othexr mmbers,

Lnan
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in opder % ce censlatent with a 1/10 of a microcurie for
radivu . or with 300 rdlirams per week of jaw-a radiaticn.
Thig ractor 10 snd the other factor 10 tetween the tolere
ance Jome of radium and U@ sories doss ol radium jave tae

Tactor 109,

GRIZAS: low [ undersiend the basis of the 100; could I ask avout
the cesia for the 10007

BETHE1 Now ;usterday we alsa wera *ald that ome radic worker diod
wiza 8 micro Temo and one lady lived with 40 mderogrons
where 1/10 wes the tolerance, so hetween (0 and LOO is the

lﬁbzﬁl done,

ta 2081 Is there golny to be clinical ovidence ioxr e actual

1L 50 doee in strontium?

BUGHER: I hope notl I saink we are quite content o leave it as
o speculatlve conputetion ratter than having experimentsad
confimation; Sub i Suink what Dre Sethe wes trying to put
:n zere (what he called senvris) was somewhere around 12
oi the pecyle showing defindite losion, end the +wop fiyure
was som&thing like 504 lethality or senoris lesicn and
Liad 18 as pood as anybody can make at this tice,

KRAMISH I want o thank all ol rou on 2ehalf of the NAND Corporation
and 1% varlous contractors lor comling to the confarence

i gdviae us your Ldeasy T othink we derived a great many
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1dean o think about and I wonld lilwm to conclude the con=
ference gni hope that you'll all take a quick lunch and
rsh up o the nuclsar enorpy @roup and get your idess

down on pupefe

‘thank you very much.
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